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SUMMARY 
Chromium i s a t r a c e metal o f g rea t p h y s i o l o g i c a l and n u t r i t i o n a l 
i n t e r e s t . I t i s e s s e n t i a l to c e r t a i n normal metabo l i c p rocesses and i n 
r e c e n t y e a r s the measurement o f chromium l e v e l s has become an impor tant 
d i a g n o s t i c t o o l . 
Two photomet r ic methods have been deve loped du r i ng the course o f 
t h i s i n v e s t i g a t i o n t ha t a l l o w chromium de te rm ina t i ons i n b i o l o g i c a l ma­
t e r i a l s . 
The f i r s t method uses d i p h e n y l c a r b a z i d e as the c o l o r i m e t r i c 
r e a g e n t . P rev ious photomet r ic methods f o r chromium have used d i p h e n y l ­
c a r b a z i d e but have r e q u i r e d l a r g e amounts o f sample m a t e r i a l . T h i s f a c t 
has l i m i t e d the use o f d i p h e n y l c a r b a z i d e i n d i a g n o s t i c t e s t i n g . But the 
method deve loped du r i ng t h i s s tudy r e q u i r e s o n l y 200 m i l l i g r a m s ( o r 200 
m i c r o l i t e r s depending on the p h y s i c a l s t a t e o f the m a t e r i a l ) o f sample 
m a t e r i a l . T h i s l a r g e r e d u c t i o n i n the amount o f m a t e r i a l needed i s pos ­
s i b l e th rough the use o f a l ong -pa th m i c r o c e l l . The i n c r e a s e d path l e n g t h 
w i t h o u t a p r o p o r t i o n a l i n c r e a s e i n c e l l volume makes i t p o s s i b l e to d e t e r ­
mine ex t reme ly smal l c o n c e n t r a t i o n s o f chromium i n r e l a t i v e l y smal l 
amounts o f b i o l o g i c a l m a t e r i a l s . 
U n f o r t u n a t e l y , i t i s not p o s s i b l e to determine the chromium d i ­
r e c t l y i n the u n t r e a t e d sample. The o r g a n i c m a t e r i a l must be d e s t r o y e d 
b e f o r e the de te rm ina t i on can be per formed. T h i s n e c e s s i t a t e s a d i g e s t i o n 
s t e p . I t was found tha t f o r chromium d e t e r m i n a t i o n s , a m i x t u re o f concen­
t r a t e d s u l f u r i c , n i t r i c , and p e r c h l o r i c a c i d s i n a volume r a t i o o f 15:3:2 
v i i i 
was bes t f o r the d i g e s t i o n . A l s o , b e f o r e d i p h e n y l c a r b a z i d e can be used 
the chromium must be o x i d i z e d to the h e x a v a l e n t s t a t e . T h i s i s accom­
p l i s h e d w i t h a permanganate o x i d a t i o n . 
The d i p h e n y l c a r b a z i d e method was used to determine the chromium 
c o n c e n t r a t i o n o f t h r e e d i f f e r e n t serum p o o l s . These t h r e e poo ls were 
a l s o ana lyzed f o r chromium by a f lameless atomic a b s o r p t i o n method and 
the r e s u l t s compared w i t h those o b t a i n e d by the d i p h e n y l c a r b a z i d e method. 
There was no s i g n i f i c a n t d i f f e r e n c e between the r e s u l t s on the 95 percent 
con f idence l e v e l . 
The second method deve loped i s based on a d i f f e r e n t photometr ic 
approach . The o - t o l i d i n e method r e l i e s on the o x i d i z i n g power o f the 
c h r o m i u m ( V I ) . o - T o l i d i n e i s o x i d i z e d by chromium(VI) t o the c o r r e s p o n d ­
ing i n t e n s e l y y e l l o w q u i n o n e d i i m i n e . S t r i c t l y s t o i c h i o m e t r i c o x i d a t i o n 
i s ach ieved w i t h manganese ( I I I ) pyrophosphate as a m e d i a t o r . The q u i n ­
onedi imine has an apparent molar a b s o r p t i v i t y based on the chromium c o n ­
c e n t r a t i o n o f 45,300 l /mole-cm wh ich i s a p p r o x i m a t e l y t h r e e t imes the 
apparent a b s o r p t i v i t y o f the c h r o m i u m ( V I ) - d i p h e n y l c a r b a z i d e . 
The serum poo ls used i n the e v a l u a t i o n o f the d i p h e n y l c a r b a z i d e 
method were a n a l y z e d f o r chromium by the o - t o l i d i n e method. T h i s method 
g i v e s s l i g h t l y y e t c o n s i s t e n t l y h i g h e r r e s u l t s . T e s t s have i n d i c a t e d 
vanadium as the probab le cause o f t h i s e f f e c t . T h e r e f o r e u n t i l more i s 
known about the vanadium i n t e r f e r e n c e c a u t i o n i s suggested when e v a l u a t ­
i n g chromium l e v e l s determined by the o - t o l i d i n e method. 
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INTRODUCTORY REMARKS 
Acco rd ing to p resen t knowledge, the human body c o n t a i n s some 
t h i r t y - s e v e n elements o f wh ich t w e n t y - s i x a re m e t a l l i c i n n a t u r e ; many 
are p resen t i n o n l y t r a c e amounts. The importance o f s e v e r a l o f these 
metals i n med ia t ing b iochemica l p rocesses has promoted i n v e s t i g a t i o n s o f 
t h e i r p h y s i o l o g i c a l v a l u e s and the e f f e c t o f a l t e r a t i o n s i n these v a l u e s 
i n p h y s i o l o g i c a l s t a t e s . 
One o f these metals i s chromium. I t i s e s s e n t i a l to c e r t a i n 
normal metabo l i c p rocesses and i n r e c e n t y e a r s the measurement o f chromium 
l e v e l s has become an impor tant d i a g n o s t i c t o o l ; i t i s a l s o o f i n t e r e s t 
because o f t o x i c o l o g i c a l a s p e c t s . I n man, normal b l ood chromium concen­
t r a t i o n s a re a t the l e v e l o f 10 to 50 nanograms per m i l l i l i t e r . To 
b e t t e r e s t a b l i s h the r e l a t i o n s h i p between chromium and c e r t a i n body f u n c ­
t i o n s , such as g lucose metabo l ism, a method to a n a l y z e f o r chromium i s 
needed. Ev idence t ha t chromium d e f i c i e n c y i s a f a c t o r r e l a t e d to d i s t u r b ­
ances o f g lucose metabol ism (1) p o i n t s out the need f o r an even more s e n ­
s i t i v e method, namely one t ha t permi ts a n a l y s i s o f chromium a t l e v e l s 
down to two nanograms per m i l l i l i t e r . 
A v a r i e t y o f methods f o r the d e t e c t i o n and measurement o f chromium 
i n b i o l o g i c a l m a t e r i a l s has been d e s c r i b e d , i n c l u d i n g spec t ropho tome t ry , 
a r c emiss ion s p e c t r o g r a p h y , spark source mass s p e c t r o g r a p h y , atomic ab­
s o r p t i o n spec t r ome t r y , bo th f lame and f lame less modes, cou lome t r y , p o l a r -
og raphy , neu t ron a c t i v a t i o n a n a l y s i s , and g a s - l i q u i d chromatography. A l l 
o f these methods have t h e i r good p o i n t s and a l l , u n f o r t u n a t e l y , have t h e i r 
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bad p o i n t s . T h e r e f o r e , t h e d e c i s i o n o f w h i c h i s b e s t i n a g i v e n s i t u a ­
t i o n becomes v e r y d i f f i c u l t and many f a c t o r s must be w e i g h e d . 
T h i s i n v e s t i g a t i o n has s o u g h t t o d e v e l o p m e t h o d s f o r t h e d e t e r m i ­
n a t i o n o f chromium i n b i o l o g i c a l m a t e r i a l s t h a t do n o t h a v e t h e d r a w b a c k s 
o f t h e e x i s t i n g m e t h o d s , w h i l e s t i l l m a i n t a i n i n g t h e f a v o r a b l e a s p e c t s . 
A t p r e s e n t , a t o m i c a b s o r p t i o n u s i n g a g r a p h i t e f u r n a c e , n e u t r o n 
a c t i v a t i o n a n a l y s i s , and g a s - l i q u i d c h r o m a t o g r a p h y a r e t h e most a c c e p t e d 
methods o f a n a l y s i s . E a c h o f t h e s e methods o f f e r s t h e s e n s i t i v i t y n e c e s ­
s a r y f o r t h e d e t e r m i n a t i o n o f chromium i n b i o l o g i c a l m a t e r i a l s and n e e d 
v e r y s m a l l s a m p l e s . But t h e y a l l r e q u i r e a c o n s i d e r a b l e i n v e s t m e n t i n 
i n s t r u m e n t a t i o n , and u n f o r t u n a t e l y , do n o t l e n d t h e m s e l v e s v e r y w e l l t o 
a u t o m a t i o n , u s i n g e x i s t i n g c l i n i c a l i n s t r u m e n t a t i o n . I f t h e d e t e r m i n a ­
t i o n o f chromium i s t o become a f r e q u e n t l y u s e d d i a g n o s t i c t o o l , t h e n t h e 
a b i l i t y t o a u t o m a t e a method w i l l become v e r y i m p o r t a n t . 
T h i s i n v e s t i g a t i o n h a s d e v e l o p e d two p h o t o m e t r i c methods w h i c h 
h a v e t h e n e c e s s a r y s e n s i t i v i t y , n e e d a b o u t t h e same s m a l l amount o f sample 
as a t o m i c a b s o r p t i o n , n e u t r o n activation, o r g a s - l i q u i d c h r o m a t o g r a p h y , 
b u t do n o t r e q u i r e t h e h i g h i n i t i a l i n v e s t m e n t . T h e new m e t h o d s s h o u l d 
be r e a d i l y a d a p t a b l e t o a u t o m a t i o n b e c a u s e a l l o f t h e s t e p s i n v o l v e d h a v e 
a l r e a d y been u s e d i n a u t o m a t e d a n a l y s i s . 
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CHAPTER I 
THE ROLE OF CHROMIUM I N BIOLOGICAL SYSTEMS 
Ev idence accumulated d u r i n g the past t h r e e decades has c r e a t e d a 
c o n s i d e r a b l e degree o f i n t e r e s t i n the b i o l o g i c a l a c t i o n o f chromium. 
Chromium(VI) has been c o n s i d e r e d a t o x i c metal f o r many y e a r s and t o x i c i t y 
s t u d i e s i n v o l v i n g s u b j e c t s exposed to i n d u s t r i a l d ichromates have been r e ­
p o r t e d ( 2 - 6 ) . Some o f these s t u d i e s i n c l u d e measurements o f chromium 
l e v e l s i n t i s s u e s , b l o o d , and u r i n e ( 4 - 6 ) . C h r o m i u m ( I I I ) i s l e s s t o x i c 
than chromium(VI) and ev idence i s accumulat ing t h a t the t r i v a l e n t i o n 
p l a y s a much more impor tant r o l e i n normal b i o l o g i c a l metabol ism than 
does the h e x a v a l e n t . Cur ran (7) i n 1954 showed t h a t c h o l e s t e r o l and 
f a t t y a c i d s y n t h e s i s by r a t l i v e r was enhanced by the presence o f 
c h r o m i u m ( I I I ) . I n a d d i t i o n , t h e r e i s ev idence t h a t i n r a t s c h r o m i u m ( I I I ) 
may be an e s s e n t i a l element f o r optimum u t i l i z a t i o n o f g lucose ( 8 - 1 0 ) . 
O ther r e p o r t s have suggested t h a t some cases o f human d i a b e t e s m e l l i t u s 
can be improved by supplementing the d i e t w i t h t r a c e amounts o f chromium-
( I I I ) (10-12) . 
T h e o r i e s o f the f u n c t i o n a l r e l a t i o n s h i p o f c h r o m i u m ( I I I ) to g l u ­
cose u t i l i z a t i o n e v o l v e d from s t u d i e s on the d i e t a r y g l u c o s e t o l e r a n c e 
f a c t o r (13-16) , which i s a measure o f an i n d i v i d u a l ' s a b i l i t y to use up 
b l o o d g l u c o s e . P a t i e n t s w i t h m i l d o r d i e t - c o n t r o l l e d d iabe tes when f a s t ­
ing may have b lood g l u c o s e l e v e l s w i t h i n the normal r a n g e , but are unable 
to produce s u f f i c i e n t i n s u l i n f o r prompt metabol ism o f i n g e s t e d c a r b o h y -
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d r a t e s . As a r e s u l t , b lood g lucose r i s e s to abnormal ly h i g h l e v e l s and 
the r e t u r n t o normal i s d e l a y e d ; t ha t i s , the p a t i e n t s have a decreased 
t o l e r a n c e f a c t o r f o r g l u c o s e . A f t e r c h r o m i u m ( I I I ) had been shown to be 
e f f e c t i v e i n i n c r e a s i n g the f a c t o r (17) , con t inued s t u d i e s have found 
t ha t c h r o m i u m ( I I I ) and p h y s i o l o g i c a l l e v e l s o f i n s u l i n a re r e q u i r e d f o r 
g lucose o r ga l ac tose uptake i n t o the ep id idyma l f a t t i s s u e s o f chromium-
d e f i c i e n t r a t s (18 ,19 ) . C h r o m i u m ( I I I ) has been r e p o r t e d to enhance the 
e f f e c t s o f i n s u l i n , not o n l y on g lucose metabo l i sm, but a l s o on o t h e r 
sys tems, by f a c i l i t a t i n g the i n i t i a l r e a c t i o n o f the hormone w i t h the 
r e s p e c t i v e r e c e p t o r s i t e s on membranes (20 ,21 ) . 
The unders tand ing o f the f u n c t i o n o f chromium i n b i o l o g i c a l systems 
r e q u i r e s a knowledge o f the fundamental chemis t r y o f chromium. 
Chromium, w i t h an atomic number o f 24 and an atomic mass o f 52.01, 
be longs to the f i r s t s e r i e s o f the t r a n s i t i o n e lements . I t i s p o s i t i o n e d 
i n subgroup V IB o f the p e r i o d i c system and sur rounded by t h ree elements 
w i t h known b i o l o g i c a l f u n c t i o n : vanadium, manganese, and molybdenum. 
Chromium has been found to occur i n e v e r y one o f the o x i d a t i o n s t a t e s 
from -2 to +6, but o n l y the 0 , +2 , +3, +6 a re common. D i v a l e n t chromium 
i s v e r y u n s t a b l e . T h i s i s i n d i c a t e d by the s tandard p o t e n t i a l , 
3+ - 2+ 
E° = -0.41V f o r C r e ^ C r Because o f t h i s h i g h r educ ing power , 
ch romium( I I ) compounds a re u n l i k e l y to occu r i n b i o l o g i c a l sys tems. 
The hexava len t form i s a s t rong o x i d i z i n g agent and i s almost 
a lways l i n k e d w i t h o x y g e n . I t d i f f e r s from the h i g h e s t o x i d a t i o n s t a t e 
o f molybdenum and tungs ten i n t ha t i t has f a r l e s s tendency to form p o l y -
-2 
a c i d s , and the o n l y impor tant i o n s o f chromium(VI) a re chromate, C rO^ , 
-2 
and d ichromate C r 9 0 ? . The d ichromate i s most p r e v a l e n t i n a c i d s o l u t i o n 
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a n d i s r e d u c e d t o c h r o m i u m ( I I I ) a c c o r d i n g t o : 
C r 2 0 ? ' 2 + 1 4 H + + 6 e " £ 2 C r + + 4 H 2 0 , E ° = 1 . 3 3 V 
T h e t r i v a l e n t i s t h e m o s t s t a b l e o x i d a t i o n s t a t e . C h r o m i u m ( I I I ) 
h a s a s t r o n g t e n d e n c y t o f o r m c o o r d i n a t i o n c o m p o u n d s . T h e r a t e o f l i g a n d 
e x c h a n g e o f s u c h c o m p o u n d s i s v e r y l o w , a n d t h e r e f o r e c a n b e f o l l o w e d 
q u i t e e a s i l y . C h r o m i u m ( I I I ) h a s a c o o r d i n a t i o n n u m b e r o f s i x , w i t h t h e 
l i g a n d s a t t a c h e d a t t h e c o r n e r s o f a n o c t a h e d r a n . 
T h e c h e m i c a l p r o p e r t i e s o f t r i v a l e n t c h r o m i u m c a n s e r v e a s a b a s i s 
t o d e l i n e a t e s o m e e l e m e n t a r y f u n c t i o n s t h a t c h r o m i u m c a n b e e x p e c t e d t o 
h a v e i n b i o l o g i c a l s y s t e m s . 
i ) T h e d i f f e r e n c e s i n o x i d a t i o n p o t e n t i a l s o f c h r o m i u m ( I I ) a n d 
c h r o m i u m ( I I I ) a n d c h r o m i u m ( I I I ) a n d c h r o m i u m ( V I ) a r e s o g r e a t t h a t a 
r e v e r s i b l e t r a n s i t i o n b e t w e e n t w o o x i d a t i o n s t a t e s i s e x t r e m e l y u n l i k e l y 
i n b i o l o g i c a l s y s t e m s . T h e r e f o r e , t h e r o l e o f c h r o m i u m i n b i o l o g i c a l 
m e d i a i s d i f f e r e n t f r o m t h e r o l e o f i r o n i n t h e c y t o c h r o m e s y s t e m , w h i c h 
d e p e n d s o n t h e e a s y t r a n s i t i o n F e ( I I ) «± F e ( I I I ) , o r f o r t h e m o l y b d e n u m i n 
e n z y m e s , w h i c h d e p e n d s o n M o ( V ) <± M o ( V I ) . C h r o m i u m m o s t p r o b a b l y f u n c ­
t i o n s o n l y i n o n e o x i d a t i o n s t a t e , n a m e l y c h r o m i u m ( I I I ) , a n d t h e r e f o r e i s 
n o t l i k e l y t o p a r t i c i p a t e i n b i o c h e m i c a l o x i d a t i o n - r e d u c t i o n r e a c t i o n s . 
i i ) C h r o m i u m ( I I I ) o c c u r s o n l y i n o n e c o n f i g u r a t i o n , t h e o c t a h e ­
d r a l . I n t h i s r e s p e c t i t d i f f e r s f r o m m e t a l s w i t h a c o o r d i n a t i o n n u m b e r o f 
f o u r , w h i c h , d e p e n d i n g o n t h e n a t u r e a n d c h a r g e o f t h e l i g a n d s , c a n f u n c ­
t i o n i n t w o c o n f i g u r a t i o n s ( p l a n a r a n d t e t r a h e d r a l ) . 
i i i ) C h r o m i u m ( I I I ) i s n o t s u b j e c t t o h i g h - s p i n , l o w - s p i n t r a n s i -
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t i o n s t ha t a re e s s e n t i a l i n the f u n c t i o n o f i r o n ( I I ) as the c a r r i e r o f 
oxygen i n hemoglob in . 
i v ) C h r o m i u m ( I I I ) i s surpassed o n l y by c o b a l t i n the low r a t e o f 
l i g a n d exchange. T h i s p r o p e r t y would make c h r o m i u m ( I I I ) complexes u n s u i t ­
ab le as an a c t i v e s i t e o f enzymes i n wh ich the c a t a l y t i c a c t i v i t y o f the 
meta l depends on a h i g h r a t e o f l i g a n d exchange. The i n e r t n e s s o f the 
chromium- l igand bond would r a t h e r be compat ib le w i t h a more s t r u c t u r a l 
f u n c t i o n ; f o r example, the b i nd ing o f hormones to r e c e p t o r s i t e s on the 
s t a b i l i z a t i o n o f t e r t i a r y s t r u c t u r e s i n p r o t e i n s on n u c l e i c a c i d s . 
The f r e e c h r o m i u m ( I I I ) hexaquo complexes do no t e x i s t a t p h y s i o ­
l o g i c a l pH v a l u e s . I n the absence o f s t a b i l i z i n g l i g a n d s at p h y s i o l o g i c a l 
pH v a l u e s , fo rmat ion o f p o l y n u c l e a r chromium hyd roxo complexes o f c o l l o -
d i a l na tu re and o f l i t t l e o r no b i o l o g i c a l a c t i v i t y would o c c u r . Reac t ion 
o f c h r o m i u m ( I I I ) w i t h l i g a n d s t ha t s u c c e s s f u l l y compete w i t h OH f o r c o o r ­
d i n a t i o n p r o t e c t s a g a i n s t h y d r o x i d e p r e c i p i t a t i o n i n n e u t r a l media. Blood 
and o t h e r b i o l o g i c a l f l u i d s con ta in a v a r i e t y o f compounds tha t can e a s i l y 
c o o r d i n a t e w i t h chromium, and t h i s i s the b a s i s f o r the s o l u b i l i t y o f 
c h r o m i u m ( I I I ) i n b i o l o g i c a l m a t e r i a l (22 -24) . The i n t e r a c t i o n between 
chromium and adenosine t r i p h o s p h a t e (ATP) and i t s d e r i v a t i v e s has been 
known f o r twenty y e a r s ( 2 5 ) . The r e a c t i o n s between chromium and low-
mo lecu la r -we igh t substances o f b i o l o g i c a l impor tance a t p h y s i o l o g i c a l pH 
v a l u e s have been e x t e n s i v e l y s t u d i e d by R o l l i n s o n (26 -28 ) . One paper 
( 2 8 ) , i n p a r t i c u l a r , dea l s w i t h the r e a c t i o n o f a number o f b i o l o g i c a l l y 
impor tan t l i g a n d s o f chromium. The l i g a n d s s t u d i e d were g l y c i n e , l e u c i n e , 
l y s i n e , me th i on i ne , py rophospha te , and s e r i n e . The d i f f u s i o n r a t e o f 
chromium from each o f the c h e l a t e s was measured and the f o l l o w i n g o r d e r 
7 
i n wh ich the l i g a n d s ma in ta in chromium i n a d i f f u s i b l e form was es tab ­
l i s h e d : pyrophosphate > s e r i n e > g l y c i n e > l e u c i n e > l y s i n e > p r o l i n e » 
Glucose d i d not i n f l u e n c e d i f f u s i o n r a t e s a t a l l ; o l e a t e depressed them 
s t r o n g l y , p robab l y th rough the fo rmat ion o f l a r g e , chromium-conta in ing 
m i c e l l s . 
These i n v e s t i g a t i o n s had an impor tant bea r ing on the unders tand ing 
o f the behav io r o f chromium i n o rgan isms. I f g i ven o r a l l y i n the form o f 
s imple s a l t s ( e . g . , C r C l ^ ^ R ^ O ) , chromium h y d r o x i d e would s t a r t p r e c i p i ­
t a t i n g i n the a l k a l i n e medium o f the duodenum. But l i g a n d s a re p resen t 
i n the i n t e s t i n e s t ha t c h e l a t e chromium and thus keep i t i n s o l u t i o n and 
make i t a v a i l a b l e f o r a b s o r p t i o n . The g rea t a f f i n i t y o f chromium f o r 
pyrosphosphate i s o f s p e c i a l i n t e r e s t , s i n c e a number o f pyrophosphate 
d e r i v a t i v e s a re o f paramount b i o l o g i c a l impor tance . The f a c t t ha t g lucose 
does not a p p r e c i a b l y r e a c t w i t h chromium a l l o w s the impor tant e x c l u s i o n 
o f one t h e o r e t i c a l l y f e a s i b l e mode o f a c t i o n ( 1 8 ) . 
Proteins 
The e a r l i e s t known and p robab l y bes t unders tood r e a c t i o n o f chrom­
ium w i t h p r o t e i n s i s the tann ing p r o c e s s , wh ich was deve loped e m p i r i c a l l y 
but a c q u i r e d i t s s c i e n t i f i c f ounda t ion w i t h the advent o f c o o r d i n a t i o n 
c h e m i s t r y . Much o f the knowledge accumulated i n s t u d y i n g tann ing p r o ­
cesses i s u s e f u l f o r the unders tand ing o f the chromium chemis t r y i n b i o ­
l o g i c a l sys tems. Tann ing t rans fo rms s k i n c o l l a g e n i n t o l e a t h e r th rough 
c r o s s - l i n k i n g by the tann ing agent o f the e lementary f i b r i l s o f the c o l l a ­
gen ( 2 9 ) . I n chrome t a n n i n g , chromium r e a c t s ma in ly w i t h the f r e e c a r b o x y l 
groups o f the a c i d i c amino a c i d s o f the p r o t e i n (g lu tamic and a s p a r t i c 
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a c i d s ) , f o r m i n g s t a b l e c o m p l e x e s b e t w e e n t h e s i t e s o f d i f f e r e n t c h a i n s o f 
p r o t e i n ( 2 9 ) . O t h e r b i n d i n g s i t e s , h y d r o x y l g r o u p s , p e p t i d e b o n d s , a n d 
a m i n o g r o u p s , h a v e b e e n s u g g e s t e d , b u t p r o b a b l y p l a y o n l y a m i n o r r o l e , 
s i n c e m a s k i n g t h e s e d o e s n o t i m p a i r t h e t a n n i n g p r o c e s s a p p r e c i a b l y ( 3 0 ) . 
M e t h y l a t i o n o f t h e f r e e c a r b o x y l g r o u p s , o n t h e o t h e r h a n d , p r e v e n t s t a n ­
n i n g c o m p l e t e l y ( 2 9 ) • T h e r o l e o f c h r o m i u m i n t h e t a n n i n g p r o c e s s i s 
s t i l l n o t c o m p l e t e l y u n d e r s t o o d a t t h e p r e s e n t t i m e d u e t o t h e f a c t t h a t 
a l a r g e n u m b e r o f d i f f e r e n t c h r o m i u m s p e c i e s a r e g e n e r a t e d i n t h e p r o c e s s . 
H o w e v e r , t h e f o l l o w i n g , a l l o f w h i c h m a y h a v e a g e n e r a l b i o l o g i c a l s i g n i f ­
i c a n c e , a r e u n e q u i v o c a l l y e s t a b l i s h e d . 1 ) O n l y c h r o m i u m ( I I I ) h a s t a n n i n g 
a b i l i t y ; c h r o m i u m ( V I ) a c t s o n l y a f t e r r e d u c t i o n t o t h e t r i v a l e n t f o r m . 
2 ) T a n n i n g i n v o l v e s t h e c o o r d i n a t i o n s i t e s o f c h r o m i u m ( I I I ) . 3 ) M o n o n u ­
c l e a t e c h r o m i u m ( I I I ) c o m p l e x e s d o n o t t a n . 
T h e t a n n i n g r e a c t i o n i s i n i t i a t e d b y r a i s i n g t h e p H o f t h e s o l u t i o n , 
w h i c h c a u s e s t h e f o r m a t i o n o f p o l y n u c l e a t e c o m p l e x e s . T h e s e a c t b y a c c e p t ­
i n g c a r b o x y l g r o u p s o f t h e c o l l a g e n s t r a n d s i n t o t h e i r c o o r d i n a t i o n s p h e r e 
a t t h e e x p e n s e o f p r e v i o u s l y b o u n d w a t e r m o l e c u l e s . I t m u s t , h o w e v e r , b e 
r e a l i z e d t h a t t a n n i n g i n v o l v e s a t o t a l s a t u r a t i o n o f p r o t e i n w i t h c h r o m i u m , 
a s i t u a t i o n t h a t d o e s n o t o c c u r i n t h e l i v i n g o r g a n i s m . T h e c h r o m i u m 
c o n t e n t o f l e a t h e r r a n g e s f r o m 3 . 8 t o 5 . 6 % ( 2 6 ) , w h e r e a s t h a t o f l i v i n g 
m a t t e r , f o r e x a m p l e , m u s c l e , i s a r o u n d 5 0 n a n o g r a m s p e r g r a m o r 0 . 0 0 0 0 0 5 % . 
W i t h i n t h i s r a n g e o n l y a v e r y s m a l l f r a c t i o n o f t h e p o t e n t i a l b i n d i n g 
s i t e s a r e o c c u p i e d b y c h r o m i u m . I t i s m o s t l i k e l y t h a t t h e s i t e s r e a c t i n g 
a t n o r m a l c h r o m i u m c o n c e n t r a t i o n s a r e d i f f e r e n t f r o m t h o s e r e a c t i n g a t 
h i g h e r c o n c e n t r a t i o n s . 
T h e c r o s s - l i n k i n g b y c h r o m i u m a n d o t h e r e l e m e n t s o f a p r o t e i n i n 
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s o l u t i o n has been i n v e s t i g a t e d w i t h conarach in I I , i s o l a t e d from g r o u n d ­
n u t s . The presence o r absence o f c r o s s - l i n k i n g i n the p r o t e i n at pH 5.6 
was f o l l o w e d by u l t r a c e n t r i f u g a t i o n o f the r e a c t i o n p r o d u c t s . C a ( I I ) , 
Z n ( I I ) , F e ( I I ) , H g ( I I ) , C u ( I I ) , M n ( I I ) , Pt ( I V ) , T h ( I V ) , and T i ( I V ) f a i l e d 
to c r o s s - l i n k the p r o t e i n at molar r a t i o s o f m e t a l : p r o t e i n from 1:2 to 
30:2. A l ( I I I ) , F e ( I I I ) , and C r ( I I I ) , on the o t h e r hand , d i d produce c r o s s -
l i n k i n g , but w i t h an important d i f f e r e n c e . Aluminum and i r o n r e a c t e d 
q u i t e r a p i d l y , but the m e t a l - p r o t e i n complexes were u n s t a b l e and e a s i l y 
broken by d i a l y s i s a g a i n s t phosphate . The r e a c t i o n o f chromium proceeds 
more s l o w l y , but the r e s u l t i n g complexes were s t a b l e and r e s i s t a n t to the 
a c t i o n o f phosphate . These f i n d i n g s i n d i c a t e the fo rmat ion o f c o o r d i n a t i v e 
l i n k s th rough which chromium, but no o t h e r m e t a l , b inds to the p r o t e i n (31 ) . 
S t a b i l i z a t i o n o f c e r t a i n t e r t i a r y s t r u c t u r e s o f p r o t e i n s by p h y s i o l o g i c a l 
c o n c e n t r a t i o n s o f chromium appears p o s s i b l e on the b a s i s o f these r e s u l t s 
and the p r o p e r t i e s o f the chromium- l igand bond. However, t h e r e i s e v i ­
dence t h a t chromium can s t a b i l i z e p o l y p e p t i d e cha ins i n e i t h e r r a n d o m - c o i l 
o r s p i r a l conformat ion and tha t i t can p reven t thermal t r a n s i t i o n from 
one form i n t o the o t h e r ( 32 ) . But when present i n e x c e s s i v e amounts 
chromium, i n the form o f c a t i o n i c o r a n i o n i c complexes, p r e c i p i t a t e s p r o ­
t e i n s from s o l u t i o n s . The r e a c t i o n i s e a s i l y r e v e r s e d and no d e n a t u r a t i o n 
occurs ( 33 ) . 
The i n t e r a c t i o n o f p r o t e i n s w i t h c h r o m i u m ( I I I ) and chromium(VI) 
has been i n v e s t i g a t e d v i a d i a l y s i s and e l e c t r o p h o r e s i s ( 3 4 ) . At pH 7.35, 
egg p r o t e i n and human plasma p r o t e i n were found t o s t r o n g l y b i n d chromium-
( I I I ) p resented as the a c e t a t o complex, but not c h r o m i u m ( V I ) , a d m i n i s t e r e d 
as d ichromate . The l a t t e r r e a c t s w i t h the p r o t e i n at a pH o f 4, w i t h 
1 0 
d e c r e a s i n g b i n d i n g a s t h e p H w a s r a i s e d f r o m 4 t o 7 . 3 5 . L i p e m i a o f p l a s m a 
d e c r e a s e d t h e b i n d i n g o f c h r o m i u m ( I I I ) t o t h e p r o t e i n s , i n a g r e e m e n t w i t h 
t h e f i n d i n g s o f R o l l i n s o n e t a l . ( 2 8 ) a b o u t t h e e f f e c t o f o l e a t e . M o r e 
d e t a i l e d m e a s u r e m e n t s s u b s e q u e n t l y d e m o n s t r a t e d t h a t o f t h e s e r u m p r o ­
t e i n s , s i d e r o p h i l i n b o u n d a l m o s t a l l t h e c h r o m i u m a d m i n i s t e r e d i n p h y s i o ­
l o g i c a l d o s e s ( 1 u . g / l 0 0 g b o d y w e i g h t ) ( 3 5 ) . W h e n e x c e s s i v e a m o u n t s o f 
c h r o m i u m w e r e g i v e n , o t h e r p r o t e i n f r a c t i o n s a l s o b o u n d c h r o m i u m , a t t h e 
e x p e n s e o f t h e a m o u n t i n s i d e r o p h i l i n . T h i s d i s t i n g u i s h e s t h e b e h a v i o r 
o f c h r o m i u m f r o m t h a t o f c a l c i u m , c o p p e r , z i n c , a n d c o b a l t , a l l o f w h i c h 
w e r e s h o w n t o b i n d t h e s i d e r o p h i l i n i n a n o n s p e c i f i c w a y ( 3 6 ) . S i n c e t h e 
g r e a t a f f i n i t y o f c h r o m i u m f o r s i d e r o p h i l i n w a s a l s o s h o w n a f t e r c h r o m i u m 
w a s a d m i n i s t e r e d o r a l l y t o l a b o r a t o r y r a t s , i t i s l i k e l y t h a t b i n d i n g t o 
s i d e r o p h i l i n i s t h e m e c h a n i s m b y w h i c h i n g e s t e d c h r o m i u m i s c a r r i e d t o t h e 
t i s s u e s . S i n c e i r o n r a r e l y o c c u p i e s m o r e t h a n o n e t h i r d o f t h e a v a i l a b l e 
b i n d i n g s i t e s , t h e s m a l l a m o u n t s o f s e r u m c h r o m i u m ( 2 0 - 3 0 n g / m l ) c a n b e 
e a s i l y h a n d l e d . T h e b i n d i n g i s f i r m e n o u g h t o p r e v e n t n o n s p e c i f i c " t a n ­
n i n g " r e a c t i o n s o f c h r o m i u m w i t h o t h e r p r o t e i n s i t e s a n d y e t l a b i l e e n o u g h 
t o a l l o w c h r o m i u m t o b e r e m o v e d f r o m i t s c a r r i e r t h e n c h r o m i u m i s t a k e n u p 
b y t h e t i s s u e s . 
E n z y m e s 
C h r o m i u m c a n a l s o i n t e r a c t w i t h c e r t a i n e n z y m e s p r e s e n t i n s e r u m . 
S t i m u l a t i o n o f o x y g e n c o n s u m p t i o n i n a s u c c i n i c - c y t o c h r o m e c d e h y d r o g e n a s e 
s y s t e m b y c h r o m i u m ( I I I ) h a s b e e n r e p o r t e d ( 3 7 ) . O f t h e m e t a l s t e s t e d ( A l , 
C r , N d , L a , S m ) , c h r o m i u m h a d t h e g r e a t e s t e f f e c t , p r o d u c i n g a p p r o x i m a t e l y 
t w i c e t h e s t i m u l a t i o n o f t h e n e x t e f f e c t i v e e l e m e n t , a l u m i n u m , c o m p a r e d o n 
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a m o l e - t o - m o l e b a s i s . H o w e v e r , b i o l o g i c a l s i g n i f i c a n c e c o u l d b e a t t r i b u ­
t e d o n l y t o t h e a l u m i n u m , s i n c e o n l y t h i s m e t a l w a s p r e s e n t i n d e t e c t a b l e 
c o n c e n t r a t i o n s i n t h e e n z y m e p r e p a r a t i o n s u s e d . 
T h e e n z y m e p h o s p h o g l u c o m u t a s e , w h i c h i s i m p o r t a n t i n t h e e a r l y 
s t e p s o f g l u c o s e m e t a b o l i s m , a l s o r e q u i r e s c h r o m i u m f o r f u n c t i o n i n g ( 3 8 ) . 
H o w e v e r , t h i s r e q u i r e m e n t a p p e a r s o n l y w h e n t h e e n z y m e i s u s e d i n d i l u ­
t i o n . I n t h e a b s e n c e o f m e t a l l i c c o - f a c t o r s t h e a c t i v i t y d r o p s t o z e r o 
w i t h i n c r e a s i n g d i l u t i o n , b u t n o d e c l i n e o c c u r s o v e r a w i d e r a n g e w h e n 
t w o a c t i v e m e t a l s a r e a d d e d t o t h e s y s t e m . T h e p r e s e n c e o f M g ( I I ) i s r e ­
q u i r e d f o r m a x i m a l a c t i v i t y , t o g e t h e r w i t h a s e c o n d m e t a l , w h i c h c a n b e 
C r ( I I I ) , F e ( I I I ) , A l ( I I I ) , P b ( I I ) , U 0 2 ( I I ) , T i ( I V ) , B a ( I I ) , L a ( I I I ) , 
S n ( I I ) , Z n ( I V ) , C s ( I ) , o r T i ( I ) . I n t h i s s y s t e m c h r o m i u m ( I I I ) w a s f o u n d 
t h e m o s t e f f e c t i v e s e c o n d m e t a l a t a l l c o n c e n t r a t i o n s u s e d ; t h e m a x i m a l 
a c t i v i t y i s o b t a i n e d w i t h c o n c e n t r a t i o n s o f 1 0 ^ M . A l s o , c h r o m i u m i s t h e 
o n l y e l e m e n t t h a t m a i n t a i n s e n z y m e a c t i v i t y i n t h e a b s e n c e o f m a g n e s i u m ; 
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b u t t h e r e , h i g h e r c o n c e n t r a t i o n ( 3 x 1 0 M ) i s r e q u i r e d . T h i s s u g g e s t s 
t h a t c h r o m i u m m a y p l a y a k e y r o l e i n p h o s p h o g l u c o m u t a s e a c t i v i t y , p a r t i c u ­
l a r l y s i n c e t h e e f f e c t i v e c o n c e n t r a t i o n s o f 5 0 n g / m l i n t h e s y s t e m d o n o t 
d i f f e r m u c h f r o m n a t u r a l l y o c c u r r i n g l e v e l s . 
C h r o m i u m o r m a n g a n e s e i n c o n c e n t r a t i o n s o f 5 x 1 0 "*M s t i m u l a t e s 
t h e c o n v e r s i o n o f a c e t a t e t o c a r b o n d i o x i d e , c h o l e s t e r o l , a n d f a t t y a c i d s 
i n r a t l i v e r ( 7 ) . I n j e c t i o n o f 2 5 0 | ig o f c h r o m i u m p e r 1 0 0 g b o d y w e i g h t 
i n t o d o n o r a n i m a l s l e a d s t o t h e s a m e r e s p o n s e i n t h e l i v e r a f t e r o n e h o u r . 
T h e e f f e c t s o f e q u a l a m o u n t s o f c h r o m i u m ( I I I ) a n d m a n g a n e s e ( I I ) w e r e v e r y 
s i m i l a r , b u t c h r o m i u m w a s m o r e e a s i l y a n t a g o n i z e d b y s i m u l t a n e o u s a d d i t i o n 
o f v a n a d i u m t h a n w a s m a n g a n e s e . W h e n a d m i n i s t e r e d b y i n j e c t i o n , c h r o m i u m 
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w a s s o m e w h a t m o r e e f f e c t i v e t h a n m a n g a n e s e i n e q u i m o l a r a m o u n t s . 
T h e o b s e r v a t i o n t h a t t h e c o n v e r s i o n o f a c e t a t e i n t o c a r b o n d i o x i d e 
a n d i n t o f a t t y a c i d s w a s a l s o s t i m u l a t e d b y t h e m e t a l s s u g g e s t s a d d i t i o n a l 
s i t e s o r a c o m m o n o n e t h a t c o u l d i n c r e a s e u t i l i z a t i o n . O n e s u c h c o m m o n 
s i t e h a s b e e n p o s t u l a t e d f o r t h e m e t a b o l i s m o f a c e t a t e i n e p i d i d y m a l f a t 
t i s s u e , b u t i n t h e s e e x p e r i m e n t s t h e p r e s e n c e o f g l u c o s e a n d i n s u l i n w a s 
r e q u i r e d f o r t h e c h r o m i u m t o t a k e e f f e c t ( 1 9 ) . 
T h e r e i s e v i d e n c e t h a t t h e d i g e s t i v e e n z y m e t r y p s i n c o n t a i n s o n e 
a t o m o f c h r o m i u m p e r e n z y m e m o l e c u l e . C h r o m i u m c a n b e r e m o v e d b y d i a l y ­
s i s , i n d i c a t i n g t h a t i t i s n o t f i r m l y b o u n d . T h e r e s i d u a l a c t i v i t y o f 
t r y p s i n a f t e r d i a l y s i s i s o n l y 5% o f t h e o r i g i n a l , a n d i t i s r e s t o r e d t o 
n o r m a l b y t h e a d d i t i o n o f c h r o m i u m o r a d d i t i o n o f s i x t i m e s g r e a t e r 
a m o u n t s o f m a g n e s i u m . S o l u t i o n s o f t r y p s i n , d i a l y z e d f o r 9 6 h o u r s a g a i n s t 
0 . 1 5 F p h o s p h a t e b u f f e r , l o s t m o r e t h a n 9 0 % o f t h e i r i n i t i a l a c t i v i t y . 
A d d i t i o n o f c h r o m i u m t o t h e b u f f e r s o l u t i o n o u t s i d e o f t h e d i a l y s i s b a g 
i n c o n c e n t r a t i o n s e q u i m o l a r t o t h a t o f t h e e n z y m e n o t o n l y p r e s e r v e d t h e 
i n i t i a l t r y p s i n a c t i v i t y , b u t a c t u a l l y i n c r e a s e d i t t o a p p r o x i m a t e l y 1 2 5 7 o 
o f t h e i n i t i a l v a l u e . F e ( I I ) , M g ( I I ) , A l ( I I I ) , a n d M n ( I I ) g a v e i n c r e a s e d 
a c t i v i t y , w h e r e a s Z n ( I I ) , C o ( I I ) , a n d C u ( I I ) w e r e i n e f f e c t i v e . C h r o m i u m 
w a s a l s o r e p o r t e d t o s t i m u l a t e t h e a c t i v i t y o f t h e p r o t e i n - s p l i t t i n g 
e n z y m e , r e n n i n , a s m e a s u r e d b y a n i n c r e a s e d r a t e o f m i l k c o a g u l a t i o n ( 3 9 ) . 
C h r o m i u m c a n i n h i b i t e n z y m e r e a c t i o n s w h e n c o n c e n t r a t i o n s e x c e s s i v e 
f o r t h e p a r t i c u l a r e n z y m e a r e g i v e n . T h e f o l l o w i n g s y s t e m s h a v e b e e n r e ­
p o r t e d t o b e i n h i b i t e d : b a c t e r i a l u r e a s e ( 1 - 1 0 p ,g d i c h r o m a t e / m l ) ( 4 0 ) , 
t h e r m o b o p l a s t i c a c t i v i t y ( 2 5 | j j n o l e s c h r o m i u m / 2 0 0 \IG t h e r m o b o p l a s t i c p r o ­
t e i n ) ( 4 1 ) , a n d B - g l u c u r o n i d a s e ( 4 2 ) . T h e s e e f f e c t s a r e n o t s p e c i f i c f o r 
1 3 
c h r o m i u m a n d a r e o b s e r v e d w i t h o t h e r m e t a l s t h a t h a v e a s g r e a t a n a f f i n i t y 
f o r f u n c t i o n a l g r o u p s o n p r o t e i n a s c h r o m i u m . A n y a m o u n t o f m e t a l i n e x ­
c e s s o f t h e s a t u r a t i o n l e v e l o f t h e s p e c i f i c a c c e p t o r s i t e s w i l l r e a c t 
w i t h o t h e r s i t e s o n p r o t e i n m o l e c u l e . T h e s e s i t e s m a y b e n o n e s s e n t i a l f o r 
t h e f u n c t i o n , b u t i f t h e y a r e e s s e n t i a l , c o o r d i n a t i o n o f t h e m e t a l w i l l 
r e s u l t i n a d e p r e s s i o n o f t h e f u n c t i o n . T h e i n t a c t o r g a n i s m c a n u s u a l l y 
m a i n t a i n e f f i c i e n t c o n t r o l o f i t s t r a c e e l e m e n t s , n o t o n l y r e g a r d i n g t h e i r 
c o n c e n t r a t i o n s , b u t a l s o t h e c h e m i c a l f o r m i n w h i c h t h e y a r e b o u n d . T h e r e ­
f o r e , w h e t h e r d e p r e s s i o n o r s t i m u l a t i o n o f t h e s y s t e m i s o b s e r v e d w i l l 
d e p e n d o n t h e a m o u n t o f t h e e l e m e n t a d d e d ( 4 3 ) . T h e n a t u r e o f t h e i n t e r ­
a c t i o n o f c h r o m i u m w i t h t h e p r o t e i n i s c l e a r l y d e p e n d e n t o n t h e c o n c e n t r a ­
t i o n . F o r e x a m p l e , c h r o m i u m s e r v e s a s a n a c t i v a t o r o f t r y p s i n i n a m e t a l : 
p r o t e i n r a t i o o f 1 : 1 , a n d i n a p p r o x i m a t e l y t h e s a m e r a t i o t o i n s u l i n , 
c h r o m i u m i n i t i a t e s t h e r e a c t i o n o f i n s u l i n w i t h t h e r e c e p t o r s i t e s . B u t 
a t 1 0 : 1 o r 2 0 : 1 r a t i o s , c h r o m i u m a l r e a d y b e g i n s t o f o r m c r o s s - l i n k s w i t h 
c o n a r a c h i n I I ( 4 4 ) . O v e r s a t u r a t i o n o f t r a n s f e r r i n w i t h c h r o m i u m r e s u l t s 
i n t h e b i n d i n g o f t h e c h r o m i u m t o n o n s p e c i f i c s i t e s ( 1 ) . I t i s p o s s i b l e 
t h a t t h i s n o n s p e c i f i c b i n d i n g d o e s n o t o c c u r w h e n c h r o m i u m i s a d d e d i n t h e 
f o r m o f i t s " n a t u r a l " c o m p l e x e s . 
N u c l e i c A c i d s 
T h e i n t e r a c t i o n b e t w e e n c h r o m i u m a n d n u c l e i c a c i d s w a s f i r s t 
p o i n t e d o u t a f t e r t h e t r e a t m e n t o f t i s s u e s w i t h c h r o m a t e s a n d d i c h r o m a t e s 
g r e a t l y r e d u c e d t h e a m o u n t o f n u c l e i c a c i d s e x t r a c t a b l e w i t h t r i c h l o r o ­
a c e t i c a c i d ( 4 5 ) . T h e e f f e c t w a s q u i t e s p e c i f i c f o r c h r o m a t e s a n d d i ­
c h r o m a t e s a n d w a s n o t s e e n w i t h t h e u s e o f a c i d s o t h e r t h a n t r i c h l o r o -
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a c e t i c . S i n c e t h e t i s s u e s a s s u m e d a g r e e n i s h c o l o r a f t e r t h e t r e a t m e n t 
w i t h c h r o m a t e and* d i c h r o m a t e , i t i s p r o b a b l e t h a t r e d u c t i o n t o c h r o m i u m -
( I I I ) a n d s u b s e q u e n t c o m p l e x f o r m a t i o n w i t h n u c l e i c a c i d s o c c u r s . 
T h e r e l a t i o n o f n u c l e i c a c i d s a n d c h r o m i u m , a s w e l l a s o t h e r m e t a l s , 
w a s t h o r o u g h l y i n v e s t i g a t e d b y W a c k e r a n d V a l l e e ( 4 6 ) w h o f o u n d c h r o m i u m 
c o n c e n t r a t i o n s f r o m 2 6 0 t o 1 0 8 0 ( i g / m l i n a b e e f l i v e r e x t r a c t c o n s i s t i n g 
o f 7 0 % r i b o n u c l e i c a c i d a n d 3 0 % p r o t e i n . T h i s i s t h e h i g h e s t c o n c e n t r a ­
t i o n o f c h r o m i u m e v e r r e p o r t e d i n l i v i n g m a t e r i a l . I n s u b s e q u e n t e x p e r i ­
m e n t s , t h e s e w o r k e r s m e a s u r e d t h e c h r o m i u m c o n t e n t s o f r i b o n u c l e i c a c i d s 
f r o m d i f f e r e n t s o u r c e s . C h r o m i u m c o n t e n t s v a r i e d f r o m a h i g h o f 4 0 0 ^ g / m l 
i n h o r s e - k i d n e y - R N A t o a l o w o f 1 8 | i g / m l i n c a l f - p a n c r e a s - s - R N A . T h e 
a u t h o r s w e r e u n a b l e t o e s t a b l i s h a c o n s i s t e n t s t o i c h i o m e t r i c r a t i o b e t w e e n 
c h r o m i u m a n d R N A ; h o w e v e r , t h e r a t i o b e t w e e n c h r o m i u m a n d R N A - p h o s p h o r u s 
w a s r e m a r k a b l y c o n s t a n t . 
T h e c h r o m i u m - R N A c o m p l e x h a d t h e h i g h e s t b o n d s t a b i l i t y o f a n y o f 
t h e m e t a l - R N A c o m p l e x e s s t u d i e d b y W a c k e r a n d V a l l e e . A l s o s h o w n w a s 
t h a t m a n y o t h e r m e t a l s " s t a b i l i z e t h e o r d e r e d s t r u c t u r e o f R N A " ; h o w e v e r , 
t h e s t a b i l i z a t i o n w a s m a x i m i z e d i n t h e c a s e o f c h r o m i u m . 
W i t h r e g a r d t o t h e c h r o m i u m - R N A c o m p l e x , t h e r e a r e t h r e e a r e a s i n 
w h i c h c h r o m i u m c a n b e d i s t i n g u i s h e d f r o m o t h e r m e t a l s : 1 ) c o n c e n t r a t i o n 
( e x t r e m e l y h i g h l e v e l s i n n u c l e o p r o t e i n s ) ; 2 ) s t a b i l i t y o f a t t a c h m e n t ; 
a n d 3 ) p r o t e c t i o n a g a i n s t h e a t - i n d u c e d c o n f o r m a t i o n a l c h a n g e s i n t h e R N A 
s t r u c t u r e . 
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R e d B l o o d C e l l s 
G r a y a n d S t e r l i n g ( 4 7 ) w e r e t h e f i r s t t o d i s c o v e r t h e g r e a t a f ­
f i n i t y o f t h e c h r o m a t e a n d d i c h r o m a t e i o n s f o r t h e r e d b l o o d c e l l s . 
L a b e l i n g o f e r t h r o c y t e s w i t h c h r o m i u m ( V I ) h a s f o u n d w i d e a p p l i c a t i o n a s 
a d i a g n o s t i c a n d r e s e a r c h t o o l . W h e n c h r o m i u m ( V I ) i s a d d e d t o b l o o d , i t 
p e n e t r a t e s t h e e r y t h r o c y t e m e m b r a n e r a p i d l y w i t h o u t a p p r e c i a b l e r e a c t i n g 
w i t h t h e c o m p o n e n t s o f t h e p l a s m a . T h e t r i v a l e n t f o r m , o n t h e o t h e r 
h a n d , a t t a c h e s i t s e l f f i r m l y t o t h e p l a s m a p r o t e i n s w i t h o u t m i g r a t i n g 
i n t o t h e b l o o d c e l l s . T h e c h r o m i u m ( V I ) m u s t p e n e t r a t e t h e r e d c e l l m e m ­
b r a n e r a p i d l y b e c a u s e t h e t r a n s p o r t p r o c e s s i s i n c o m p e t i t i o n w i t h t h e 
r e d u c i n g c a p a c i t y o f p l a s m a c o n s t i t u e n t s . O n c e i n s i d e t h e c e l l s , t h e 
c h r o m i u m ( V I ) i s r e d u c e d t o c h r o m i u m ( I I I ) a n d b o u n d t o h e m o g l o b i n , r e s u l t ­
i n g i n a s t a b l e t a g g i n g o f t h e e r y t h r o c y t e ( 4 7 ) . T h a t t h e i n t r a c e l l u l a r 
c h r o m i u m i s t r i v a l e n t i s i n d i c a t e d b y t w o f a c t s : 1 ) c h r o m i u m , o n c e i n s i d e 
t h e r e d c e l l i s u n a b l e t o p e n e t r a t e t h e c e l l m e m b r a n e f o r t h e p u r p o s e o f 
l e a v i n g t h e c e l l a n d 2 ) c h r o m i u m ( I I I ) h a s a m u c h g r e a t e r a f f i n i t y f o r a 
d i r e c t reaction w i t h h e m o g l o b i n than d o e s c h r o m i u m ( V I ) . M o s t o f t h e 
c h r o m i u m i s b o u n d t o t h e g l o b i n p o r t i o n ; h o w e v e r , b i n d i n g t o h e m e a n d t o 
a s u b s t a n c e o f l o w m o l e c u l a r w e i g h t h a s a l s o b e e n d e m o n s t r a t e d . T h e 
c h r o m i u m - c o n t a i n i n g c o m p l e x w i t h t h e l o w m o l e c u l a r w e i g h t s u b s t a n c e c a n 
b e i s o l a t e d f r o m c h r o m a t e - t r e a t e d , l y s e d e r y t h r o c y t e s b y i o n - e x c h a n g e . 
T h i s c o m p l e x e x h i b i t s n o m o r e b i o l o g i c a l a c t i v i t y t h a n s i m p l e , i n o r g a n i c 
c h r o m i u m c o m p o u n d s ( 1 ) . 
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G l u c o s e M e t a b o l i s m 
C h r o m i u m a l s o i n c r e a s e s t h e e f f e c t o f i n s u l i n o n t h e u t i l i z a t i o n 
o f g l u c o s e c a r b o n f o r f a t s y n t h e s i s ( 1 8 ) a s w e l l a s f o r o x i d a t i o n t o 
c a r b o n d i o x i d e . M a x i m a l e f f e c t o f c h r o m i u m o n l i p o g e n e s i s w a s o b t a i n e d 
w i t h l a b e l e d g l u c o s e a n d i n s u l i n p r e s e n t i n t h e s y s t e m , b u t t h e u t i l i z a -
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t i o n o f a c e t a t e - C w a s a l s o s t i m u l a t e d b y c h r o m i u m , p r o v i d e d g l u c o s e a n d 
i n s u l i n w e r e a d d e d t o t h e m e d i u m ( 1 7 ) . S m a l l i n c r e a s e s i n t h e i n c o r p o r a ­
t i o n o f a c e t a t e c a r b o n i n t o f a t i n c h r o m i u m - s u p p l e m e n t e d t i s s u e s w e r e 
i n s i g n i f i c a n t w h e n e v e r g l u c o s e a n d i n s u l i n w e r e m i s s i n g f r o m t h e s y s t e m . 
T h e f a c t t h a t g l u c o s e u p t a k e a n d t h e u t i l i z a t i o n o f g l u c o s e f o r t w o d i f f e r ­
e n t p a t h w a y s a r e a f f e c t e d b y c h r o m i u m t o a p p r o x i m a t e l y t h e s a m e e x t e n t 
a n d t h e i n e f f e c t i v e n e s s o f c h r o m i u m i n t h e a b s e n c e o f i n s u l i n s u g g e s t s 
t h a t t h e s i t e o f t h e a c t i o n o f c h r o m i u m i s n e a r t h e s i t e o f t h e a c t i o n o f 
i n s u l i n . I t i s w e l l e s t a b l i s h e d t h a t t h e m e c h a n i s m b y w h i c h s u g a r i s 
t r a n s l o c a t e d a c r o s s t h e c e l l m e m b r a n e i n m u s c l e a n d f a t t i s s u e i s r e s p o n ­
s i v e t o i n s u l i n a l t h o u g h t h e m e m b r a n e i s n o t t h e o n l y s i t e o f a c t i o n o f 
t h e h o r m o n e ( 4 8 ) . d - G a l a c t o s e h a s b e e n s h o w n t o e n t e r t h e m u s c l e c e l l b y 
a n i n s u l i n - d e p e n d e n t m e c h a n i s m . O n c e i n s i d e t h e c e l l , t h e s u g a r i s n o t 
p h o s p h o r y l a t e d a n d t h e r e f o r e n o t m e t a b o l i z e d , a n d i t a c c u m u l a t e s u n t i l 
i t s c o n c e n t r a t i o n i n t h e c e l l w a t e r e q u a l s t h a t i n t h e e x t r a c e l l u l a r 
l i q u i d . T h e r a t e a t w h i c h e q u i l i b r i u m i s r e a c h e d i s i n c r e a s e d b y i n s u l i n . 
T h i s s y s t e m w a s u s e d t o d e t e r m i n e t h e e f f e c t o f i n s u l i n a n d c h r o m i u m o n 
m e m b r a n e t r a n s l o c a t i o n o f s u g a r s w i t h o u t i n t e r f e r e n c e f r o m i n t r a c e l l u l a r 
m e t a b o l i s m ( 1 9 ) . C o n c e n t r a t i o n s o f 1 0 - 1 0 0 n g c h r o m i u m p e r 1 0 0 mg o f 
e p i d i d y m a l f a t t i s s u e s i g n i f i c a n t l y i n c r e a s e d t h e r a t e o f e n t r y o f g a l a c ­
t o s e o v e r t h e r a t e e f f e c t e d b y i n s u l i n a l o n e . C h r o m i u m w a s i n e f f e c t i v e i n 
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t h e a b s e n c e o f i n s u l i n , b u t a t t h e o p t i m a l c o n c e n t r a t i o n o f i n s u l i n t h e 
r a t e w a s o b s e r v e d t o i n c r e a s e . T h e b e s t e f f e c t w a s p r o d u c e d b y 1 0 n g o f 
c h r o m i u m f o r a p p r o x i m a t e l y 1 0 0 mg o f t i s s u e c o n t a i n i n g t h e o p t i m a l c o n ­
c e n t r a t i o n o f i n s u l i n ; h i g h e r a n d l o w e r d o s e s w e r e l e s s e f f e c t i v e . 
T h e o b s e r v e d e f f e c t o f c h r o m i u m o n t h e r a t e o f c e l l e n t r y o f d -
g a l a c t o s e e s t a b l i s h e d t h e f a c t t h a t t h e i n s u l i n - r e s p o n s i v e c e l l m e m b r a n e 
i s o n e s i t e o f a c t i o n o f c h r o m i u m . E v e n t h o u g h a n a c t i o n a t t h i s s i t e 
c a n a c c o u n t f o r t h i s e f f e c t o f c h r o m i u m a n d i n s u l i n o n t h e g l u c o s e m e ­
t a b o l i s m , i t i s e v i d e n t t h a t b o t h c h r o m i u m a n d i n s u l i n m u s t h a v e a d d i ­
t i o n a l s i t e s o f a c t i o n . 
T h e m o d e o f i n t e r a c t i o n b e t w e e n c h r o m i u m a n d i n s u l i n i s n o t c l e a r . 
T h e r e a r e a t l e a s t f i v e p o s s i b i l i t i e s t o c o n s i d e r ( 1 ) . i ) C h r o m i u m f o r m s 
a c o m p l e x w i t h t h e i n s u l i n i n t h e p a n c r e a s o r i n t h e b l o o d . T h e e l e m e n t 
m a y s e r v e t o m a i n t a i n t h e p o l y p e p t i d e c h a i n s i n a n o p t i m a l t e r t i a r y c o n ­
f i g u r a t i o n , i i ) C h r o m i u m a c t s a s a n i n h i b i t o r o f t i s s u e i n s u l i n a s e . 
i i i ) C h r o m i u m s t r e n g t h e n s t h e i n i t i a l b i n d i n g o f i n s u l i n t o t i s s u e . 
i v ) C h r o m i u m a c t s a s a c o - f a c t o r o f a m e m b r a n e - c a r r i e r s t r u c t u r e i n v o l v e d 
i n g l u c o s e t r a n s p o r t , v ) C h r o m i u m a c t s a s a c a t a l y s t i n t h e i n i t i a l r e a c 
t i o n b e t w e e n i n s u l i n a n d a s p e c i f i c m e m b r a n e r e c e p t o r s i t e . A l l f i v e o f 
t h e s e p o s s i b i l i t i e s a r e b e i n g e x p l o r e d a t t h e p r e s e n t t i m e . 
C h r o m i u m T r a n s p o r t 
U p u n t i l n o w t h e e m p h a s i s h a s b e e n o n t h e e f f e c t o f c h r o m i u m i n 
b i o l o g i c a l s y s t e m s o n c e t h e c h r o m i u m i s i n t h e s y s t e m . T h e q u e s t i o n s t i l 
r e m a i n s a s t o h o w t h e c h r o m i u m g e t s i n t o t h e s e s y s t e m s . C h r o m i u m ( I I I ) i s 
p o o r l y a b s o r b e d f r o m t h e g a s t r o i n t e s t i n a l t r a c t . H o w e v e r , s o m e c h r o m i u m 
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i s a b s o r b e d t h r o u g h t h e i n t e s t i n a l w a l l s . T h e s i t e o f c h r o m i u m a b s o r p ­
t i o n i s u n k n o w n , a s i s t h e m e c h a n i s m b y w h i c h t h e c h r o m i u m i s c a r r i e d 
a c r o s s t h e i n t e s t i n a l w a l l . T h e r e i s i n d i r e c t e v i d e n c e t h a t t h e c h e m i c a l 
s t a t e o f c h r o m i u m i n t h e i n t e s t i n a l t r a c t d e t e r m i n e s t h e e x t e n t o f a b ­
s o r p t i o n ( 4 9 ) . U n l e s s p r o t e c t e d b y c o m p l e x a t i o n , c h r o m i u m , i n t h e a l k a ­
l i n e m e d i u m o f t h e i n t e s t i n a l c o n t e n t s , w o u l d p r e c i p i t a t e i n t h e f o r m o f 
l a r g e , i n s o l u b l e e n t i t i e s . T h e r e f o r e , i t i s p o s s i b l e t h a t t h e d e g r e e o f 
a b s o r p t i o n d e p e n d s o n t h e e f f i c i e n c y w i t h w h i c h s u i t a b l e l i g a n d s p r o t e c t 
a g a i n s t p r e c i p i t a t i o n . 
O n c e a b s o r b e d , c h r o m i u m ( I I I ) a p p e a r s i n t h e p l a s m a p r o t e i n f r a c ­
t i o n s i n a d o s e - d e p e n d e n t d i s t r i b u t i o n . S m a l l , p h y s i o l o g i c a l a m o u n t s a r e 
b o u n d a l m o s t e n t i r e l y t o s i d e r o p h i l i n , t h e i r o n - b i n d i n g p r o t e i n ( 3 6 ) . 
W i t h a b n o r m a l l y l a r g e c o n c e n t r a t i o n s o f c h r o m i u m , b i n d i n g a l s o o c c u r s o n 
o t h e r p r o t e i n s , o n c e t h e s i d e r o p h i l i n h a s b e e n s a t u r a t e d . T h e s u b s e q u e n t 
u p t a k e b y t h e t i s s u e s a p p e a r s t o b e d e p e n d e n t o n t h e c h e m i c a l s t a t e i n 
w h i c h t h e c h r o m i u m w a s a d m i n i s t e r e d ( 5 0 ) . 
E x c e s s c i r c u l a t i n g c h r o m i u m i s e x c r e t e d w i t h u r i n e a n d f e c e s . 
U r i n a r y e x c r e t i o n i s t h e m a j o r r o u t e , a c c o u n t i n g f o r a t l e a s t 8 0 % o f i n ­
j e c t e d c h r o m i u m i n e x p e r i m e n t s c o n d u c t e d w i t h r a t s , b u t e l i m i n a t i o n v i a 
t h e i n t e s t i n e s a l s o p l a y s a r o l e . 
T o x i c o l o g y 
S o m e m e n t i o n o f t h e t o x i c o l o g i c a l e f f e c t s o f c h r o m i u m i n b i o l o g i c a l 
s y s t e m s s h o u l d b e m a d e . T o x i c e f f e c t s a r e p a r t o f a d o s e - r e s p o n s e r e l a ­
t i o n n o t o n l y o f c h r o m i u m b u t o f e v e r y s u b s t a n c e i n n a t u r e . T o x i c i t y o f 
a s u b s t a n c e c a n b e r e l a t e d t o t h e r a t i o o f b e n e f i c i a l o r e s s e n t i a l d o s e s 
1 9 
t o t h o s e t h a t a r e d e l e t e r i o u s ; t h i s r e l a t i o n i s m o r e m e a n i n g f u l t h a n 
a b s o l u t e t o x i c l e v e l s . A l s o , t h e t o x i c i t y o f a s u b s t a n c e m u s t b e s t u d i e d 
w i t h r e s p e c t t o t w o c o m p l e t e l y d i f f e r e n t t i m e a n d d o s e s c a l e s . F i r s t , a 
l a r g e d o s e o f t h e s u b s t a n c e r e c e i v e d w i t h i n a s h o r t p e r i o d a n d s e c o n d , 
t h e s a m e d o s e g i v e n i n s m a l l i n c r e m e n t s o v e r a v e r y l o n g p e r i o d . T h e 
t o x i c i t y o f c h r o m i u m w h e n a l a r g e d o s e i s r e c e i v e d w i t h i n a s h o r t p e r i o d 
o f t i m e h a s b e e n r e c o g n i z e d f o r m a n y y e a r s . B u t , s t u d i e s i n t o l o n g r a n g e 
t o x i c i t y o f c h r o m i u m a r e j u s t n o w b e i n g s t a r t e d , b e c a u s e u n t i l n o w m e t h o d s 
s e n s i t i v e e n o u g h t o d e t e r m i n e t r a c e a m o u n t s o f c h r o m i u m d i d n o t e x i s t . 
T h e r e s u l t s o f t h e s e s t u d i e s w i l l n o t b e a v a i l a b l e f o r s o m e t i m e . U n t i l 
t h e n t h e t o x i c o l o g i c a l e f f e c t s o f c h r o m i u m m u s t b e e x p l a i n e d w i t h w h a t i s 
k n o w n a b o u t t h e c h e m i s t r y o f c h r o m i u m i n b i o l o g i c a l s y s t e m s . 
C h r o m i u m ( V I ) p e n e t r a t e s t h e c e l l m e m b r a n e s q u i t e r e a d i l y a n d i s a 
s t r o n g o x i d i z i n g a g e n t ; t h e s e t w o f a c t s a r e t h e b a s i s f o r i t s i r r i t a t i n g 
e f f e c t s a n d a t o x i c i t y g r e a t e r t h a n t h a t o f c h r o m i u m ( I I I ) . C h r o m i u m ( V I ) 
i s i r r i t a t i n g w h e n l o c a l l y a p p l i e d i n h i g h c o n c e n t r a t i o n s . T h e i n c r e a s e d 
i n c i d e n c e a m o n g c h r o m a t e w o r k e r s o f a c u t e a n d c h r o n i c d i s e a s e s o f t h e 
r e s p i r a t o r y s y s t e m i s w e l l k n o w n ( 5 2 ) . A m o n g t h e s e a i l m e n t s a r e : u l c e r s 
a n d p e r f o r a t i o n s o f t h e n a s a l s e p t u m , r h i n i t i s , s i n u s i t i s , l a r y n g i t i s , 
a s t h m a , a c u t e c h e m i c a l p n e u m o n i t i s , a n d b r o n c h i o g e n i c c a r c i n o m a . 
T h e t o x i c i t y o f c h r o m i u m ( I I I ) a p p e a r s t o b e r e s t r i c t e d t o p a r e n ­
t e r a l a d m i n i s t r a t i o n . T h e m i n i m a l l e t h a l d o s e f o r h u m a n s h a s b e e n g i v e n 
a s 2 . 2 9 g p e r k g o f b o d y w e i g h t f o r c h r o m i c c h l o r i d e ( 5 3 ) . T h e s e d a t a 
p o i n t o u t t h e v e r y l o w t o x i c i t y o f c h r o m i u m ( I I I ) . 
T h e c o n s i s t e n t o c c u r r e n c e o f t h e e l e m e n t i n b i o l o g i c a l m a t t e r d o e s 
n o t p r o v e i t s e s s e n t i a l i t y . A s p e c i f i c a f f i n i t y f o r c e r t a i n t i s s u e s o r 
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s u b s t a n c e s i s s u g g e s t i v e o f a b i o l o g i c a l r o l e , b u t d o e s n o t c o n s t i t u t e 
p r o o f . I t i s d i f f i c u l t t o d i s t i n g u i s h b e t w e e n t r a p p i n g o f e x c e s s i v e 
a m o u n t s a n d a c c u m u l a t i o n a t f u n c t i o n a l s i t e s . T h e f a c t s t h a t c h r o m i u m 
i s p r e s e n t i n r e l a t i v e l y h i g h c o n c e n t r a t i o n s i n t h e n e w b o r n o r g a n i s m , 
t h a t i t h a s a p r e d i l e c t i o n f o r p r o l i f e r a t i n g t i s s u e s , t h a t i t a c c u m u l a t e s 
i n v e r y h i g h c o n c e n t r a t i o n s i n c e r t a i n a r e a s o f t h e b r a i n a n d i n n u c l e i c 
a c i d s , a n d t h a t i t u n d e r g o e s s i g n i f i c a n t c o n c e n t r a t i o n c h a n g e s i n s e r u m 
w h e n g l u c o s e n e e d s t o b e m e t a b o l i z e d , a l l i n d i c a t e a b i o l o g i c a l r o l e o f 
c h r o m i u m . 
I n e v a l u a t i n g t h e r o l e o f c h r o m i u m i n a n i m a l a n d h u m a n n u t r i t i o n , 
t h e d e f i c i e n c y c r i t e r i o n i s o f g r e a t i m p o r t a n c e . L o w - c h r o m i u m s t a t e s 
e x i s t i n m a n . M o s t c a s e s a r e m i l d ; t h e r e f o r e , t h e d e g r e e o f i m p a i r m e n t 
a n d t h e m a g n i t u d e o f e f f e c t s o f c h r o m i u m r e s u p p l e m e n t a t i o n a r e n o t d r a ­
m a t i c i n m o s t i n s t a n c e s . 
T h e d e t e r m i n a t i o n o f t h e n u t r i t i o n a l s t a t e w i t h r e g a r d t o c h r o m i u m 
i n p o p u l a t i o n g r o u p s i s a n i m p o r t a n t g o a l f o r n u t r i t i o n a l r e s e a r c h . A l ­
t h o u g h t h e t i m e - c o n s u m i n g t h e r a p e u t i c t r a i l i s a s y e t t h e m o s t r e l i a b l e 
t o o l t o d e t e c t d e f i c i e n c y s t a t e s , i t c a n b e e x p e c t e d t h a t w h e n s i m p l e 
a n a l y t i c a l m e t h o d s b e c o m e a v a i l a b l e g r e a t s t r i d e s w i l l r e s u l t . 
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C H A P T E R I I 
S U R V E Y O F E X I S T I N G I N S T R U M E N T A L M E T H O D S 
A s h a s b e e n m e n t i o n e d b e f o r e , t h e r e h a v e b e e n t h r e e t e c h n i q u e s 
r e c o g n i z e d a s " s t a n d a r d " m e t h o d s f o r t h e d e t e r m i n a t i o n o f c h r o m i u m i n 
b i o l o g i c a l m a t e r i a l : n e u t r o n a c t i v a t i o n , g a s c h r o m a t o g r a p h y , a n d a t o m i c 
a b s o r p t i o n . A l l t h r e e p o s s e s s t h e h i g h s e n s i t i v i t y n e c e s s a r y , w i t h i n ­
t e r f e r e n c e s a t a m i n i m u m . 
N e u t r o n a c t i v a t i o n a n a l y s i s i s b a s e d o n t h e f a c t t h a t m a n y e l e ­
m e n t s b e c o m e r a d i o a c t i v e w h e n b o m b a r d e d w i t h t h e r m a l n e u t r o n s , t h a t i s , 
n e u t r o n s w i t h a k i n e t i c e n e r g y l e s s t h a n 0 . 2 e V . 
A t h e r m a l n e u t r o n c a n b e c a p t u r e d b y a n a t o m i c n u c l e u s t o g i v e a 
h e a v i e r n u c l e u s w i t h t h e s a m e p o s i t i v e c h a r g e , t h a t i s , a n i s o t o p e o f t h e 
s a m e e l e m e n t i s f o r m e d . S u c h n u c l e i i n m a n y c a s e s a r e u n s t a b l e a n d s p o n ­
t a n e o u s l y d i s i n t e g r a t e w i t h e m i s s i o n o f a p a r t i c l e o r g a m m a - r a y o r b o t h . 
T h e r e s u l t i n g a c t i v i t y c a n p r o v i d e b o t h q u a l i t a t i v e a n d q u a n t i t a t i v e d a t a . 
A c t i v e i s o t o p e s o f t h e v a r i o u s e l e m e n t s d i f f e r w i d e l y i n h a l f - l i f e , a n d 
i n m a n y i n s t a n c e s c a n b e i d e n t i f i e d b y t h e h a l f - l i f e , o r o t h e r p e r t i n e n t 
i n f o r m a t i o n , s u c h a s t h e g a m m a - r a y e n e r g y s p e c t r u m . 
W h e n t h e i n t e n s i t y o f t h e r a d i o a c t i v i t y o f a s a m p l e i s p l o t t e d 
a g a i n s t t i m e , a s o - c a l l e d d e c a y c u r v e i s o b t a i n e d . T h i s c u r v e i s g e n e r ­
a l l y c o m p l e x i n n a t u r e , b e i n g t h e s u m o f t h e a c t i v i t i e s o f a l l t h e a c t i v e 
e l e m e n t s p r e s e n t . T h e m o r e a c t i v e e l e m e n t s p r e s e n t t h e m o r e c o m p l e x t h e 
c u r v e . T h e h a l f - l i f e o f t h e l o n g e s t - l i v e d c o m p o n e n t s c a n b e d e t e r m i n e d 
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f r o m t h e l a t t e r p o r t i o n s o f t h e c u r v e a f t e r m o s t t r a n s i e n t e l e m e n t s h a v e 
v i r t u a l l y v a n i s h e d . T h e a c t i v i t y d u e t o t h i s e l e m e n t c a n t h e n b e s u b ­
t r a c t e d p o i n t b y p o i n t ( " s t r i p p e d a w a y " ) f r o m t h e r e a d i n g r e s u l t i n g f r o m 
s h o r t e r - l i v e d e l e m e n t s . T h e n t h e n e x t l o n g e s t - l i v e d s u b s t a n c e s c a n s i m i ­
l a r l y b e i d e n t i f i e d a n d s t r i p p e d a w a y , t h e n e x t a n d s o o n . A s c a n b e s e e n 
t h i s c o u l d r e s u l t i n a c o u n t i n g p e r i o d o f d a y s , s o m e t i m e s w e e k s d e p e n d i n g 
o n t h e h a l f - l i v e s o f t h e e l e m e n t s p r o d u c e d . T h e r e f o r e , i n o r d e r t o s a v e 
t i m e , i t i s p r e f e r r e d t o o b t a i n t h e d e s i r e d r e s u l t s b y r u n n i n g a p a r t i c l e 
o r g a m m a - r a y e n e r g y l e v e l s p e c t r u m r a t h e r t h a n p l o t t i n g a d e c a y c u r v e . 
T h e e n e r g i e s o f t h e p a r t i c l e s o r gamma r a y s e m i t t e d d u r i n g t h e d e c a y o f 
a c t i v e e l e m e n t s v a r y d e p e n d i n g u p o n t h e e l e m e n t s p r e s e n t . A m u l t i c h a n n e l 
a n a l y z e r a l l o w s t h e m e a s u r e m e n t o f a w i d e n u m b e r o f d i s c r e t e e n e r g y l e v e l s 
d e p e n d i n g o n t h e n u m b e r o f c h a n n e l s ; i n t h e a n a l y z e r . 
N e u t r o n a c t i v a t i o n o f f e r s p o s s i b i l i t i e s f o r b o t h q u a l i t a t i v e a n d 
q u a n t i t a t i v e m e t h o d s o f a n a l y s i s . T h e v a l u e o f t h e e m i t t e d e n e r g y l e v e l 
y i e l d s q u a l i t a t i v e d a t a w h i l e t h e r e l a t i v e i n t e n s i t y o f t h a t p a r t i c u l a r 
e n e r g y l e v e l i s a q u a n t i t a t i v e m e a s u r e o f a p a r t i c u l a r e l e m e n t . 
T h e s e n s i t i v i t y o f a n a l y s i s b y m e a n s o f n e u t r o n a c t i v a t i o n d e p e n d s 
o n t h e i n t e n s i t y o f t h e a c t i v a t i n g n e u t r o n b e a m , o n t h e a b i l i t y o f t h e 
s o u g h t - f o r e l e m e n t t o c a p t u r e n e u t r o n s , t h a t i s , t h e n e u t r o n - c a p t u r e c r o s s 
s e c t i o n , a n d o n t h e h a l f - l i f e o f t h e i n d u c e d a c t i v i t y . T h e g o v e r n i n g r e l a 
t i o n i s : 
A = Nacp [ l - e x p ( " ° ^ 9 3 t ) ] 
w h e r e A i s t h e i n d u c e d a c t i v i t y a t t h e e n d o f t h e p e r i o d o f i r r a d i a t i o n , 
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i n d i s i n t e g r a t i o n s p e r s e c o n d ; N , t h e n u m b e r o f a t o m s p r e s e n t o f t h e 
i s o t o p e b e i n g a c t i v a t e d ; a , t h e n e u t r o n - c a p t u r e c r o s s s e c t i o n i n s q u a r e 
c e n t i m e t e r s ; cp, t h e f l u x i n n e u t r o n s p e r s q u a r e c e n t i m e t e r p e r s e c o n d ; t , 
t h e i r r a d i a t i o n t i m e ; a n d T,, t h e h a l f - l i f e o f t h e p r o d u c t . Q u a n t i t a t i v e 
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a n a l y s i s i s r a r e l y b a s e d o n c a l c u l a t i o n s f r o m t h i s e q u a t i o n , a s s u f f i c i ­
e n t l y r e l i a b l e d a t a a r e s e l d o m a v a i l a b l e f o r a , cp, a n d T i ; a s a f u r t h e r 
c o m p l i c a t i o n , cp m a y n o t b e h o m o g e n e o u s a n d m a y v a r y w i t h t i m e . F o r p r a c ­
t i c a l p u r p o s e s , s t a n d a r d s a m p l e s a r e i r r a d i a t e d s i m u l t a n e o u s l y w i t h t h e 
u n k n o w n s , a n d t h e e v a l u a t i o n c a r r i e d o u t b y c o m p a r i s o n . 
1 2 
I f a p o w e r f u l n e u t r o n s o u r c e s u c h a s a n u c l e a r r e a c t o r , cp = 1 0 , 
i s a v a i l a b l e f o r a c t i v a t i o n , i n f a v o r a b l e c a s e s , a s l i t t l e a s 1 0 ^ g o f 
a n e l e m e n t c a n b e d e t e c t e d ( 5 4 ) . F o r l e s s p o w e r f u l n e u t r o n s o u r c e s , s u c h 
1 2 4 4 a s t h e c o m b i n a t i o n o f S b a n d Be (cp = 1 0 ) , t h i s t e c h n i q u e i s l i m i t e d t o 
t h o s e e l e m e n t s w h i c h h a v e p a r t i c u l a r l y f a v o r a b l e n u c l e a r p r o p e r t i e s . I n 
t h e c a s e o f c h r o m i u m i n b i o l o g i c a l m a t e r i a l , a n u c l e a r r e a c t o r i s r e q u i r e d 
f o r a c t i v a t i o n a n a l y s i s . 
A l l accepted methods for the determination of chromium in biologi­
c a l m a t e r i a l b y a c t i v a t i o n a n a l y s i s , r e q u i r e t h e s a m p l e t o b e d i g e s t e d . 
A f t e r d i g e s t i o n , t h e s a m p l e i s t h e n i r r a d i a t e d i n a r e a c t o r f o r a p e r i o d 
r a n g i n g f r o m 3 t o 8 h o u r s d e p e n d i n g o n t h e s o p h i s t i c a t i o n o f t h e a n a l y z e r 
u s e d . T h e i n t e n s i t y o f t h e g a m m a - r a y e m i s s i o n o f t h e i r r a d i a t e d s a m p l e 
a t t h e e n e r g y l e v e l o f 3 2 0 k e V i s m o n i t o r e d . T h i s i n t e n s i t y i s p r o p o r ­
t i o n a l t o t h e a m o u n t o f c h r o m i u m p r e s e n t . A l i q u o t s o f t h e s a m p l e c a n b e 
s p i k e d b e f o r e d i g e s t i o n w i t h a k n o w n a m o u n t o f c h r o m i u m a n d t h e a c t i v i t y 
o f t h e s p i k e d s a m p l e b e u s e d t o d e t e r m i n e t h e a c t u a l a m o u n t o f c h r o m i u m 
i n t h e s a m p l e b e f o r e t h e s t a n d a r d a d d i t i o n . 
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T h e c o m p l e t e p r o c e d u r e f o r t h e n e u t r o n a c t i v a t i o n a n a l y s i s o f 
b i o l o g i c a l m a t e r i a l s f o r c h r o m i u m c a n b e f o u n d i n t h e w o r k o f P i p e r a n d 
G o l e s (55) . 
A t f i r s t g l a n c e m e t h o d s u s i n g n e u t r o n a c t i v a t i o n a p p e a r v e r y p r o m ­
i s i n g f o r c h r o m i u m d e t e r m i n a t i o n b u t t h e s e m e t h o d s h a v e t w o v e r y i m p o s i n g 
p r o b l e m s a s f a r a s r o u t i n e a n a l y s i s g o e s . F i r s t , t h e e q u i p m e n t n e e d e d i s 
b e y o n d t h e r e a c h o f a n o r d i n a r y c l i n i c a l l a b . S e c o n d , a l t h o u g h t h e t i m e 
r e q u i r e d t o m e a s u r e t h e i n t e n s i t y o f a d i s c r e t e e n e r g y l e v e l i s g e n e r a l l y 
s m a l l , b e c a u s e o f t h e l a r g e a m o u n t o f a l k a l i m e t a l s f o u n d i n m a n y b i o l o g i ­
c a l m a t e r i a l s , a " c o o l i n g d o w n " p e r i o d f o r i r r a d i a t e d s a m p l e s i s r e q u i r e d 
b e f o r e t h e i n t e n s i t y a t 3 2 0 k e V c a n b e m e a s u r e d . T h e p e r i o d m a y r a n g e 
f r o m s e v e r a l h o u r s t o s e v e r a l w e e k s d e p e n d i n g o n t h e c o m p o s i t i o n o f t h e 
m a t e r i a l b e i n g a n a l y z e d . T h u s , n e u t r o n a c t i v a t i o n a n a l y s i s a s a m e a n s o f 
r a p i d d e t e r m i n a t i o n o f c h r o m i u m i n b i o l o g i c a l m a t e r i a l s i s e l i m i n a t e d . 
S e v e r a l m e t h o d s e x i s t w h i c h u s e g a s c h r o m a t o g r a p h y f o r t h e d e t e r ­
m i n a t i o n o f c h r o m i u m i n b i o l o g i c a l m a t e r i a l ( 5 6 - 5 8 ) . S o m e o f t h e s e m e t h o d s 
d o n o t e v e n r e q u i r e d i g e s t i o n o f t h e s a m p l e . A l l r e l y o n t h e f o r m a t i o n o f 
c h r o m i u m ^ - d i k e t o n e c h e l a t e s ( 5 7 ) . T h e c h e l a t e s i n v e s t i g a t e d t h u s f a r 
h a v e b e e n d e r i v e d f r o m a c e t y l a c e t o n e ( 5 9 ) , t r i f l u o r o a c e t y l a c e t o n e ( 6 0 ) , 
h e x a f l u o r o a c e t y l a c e t o n e ( 6 1 ) , a n d h e p t a f l u o r a c e t y l a c e t o n e ( 6 2 ) . M a n y 
w o r k e r s s t u d y i n g t h e f l u o r o - f 3 - d i k e t o n e s h a v e e m p l o y e d t h e e l e c t r o n c a p t u r e 
d e t e c t o r b e c a u s e o f i t s e x c e p t i o n a l s e n s i t i v i t y t o h a l o g e n a t e d o r g a n i c 
c o m p o u n d s . N a n o g r a m a m o u n t s o f c h r o m i u m c a n b e d e t e r m i n e d u s i n g e l e c t r o n 
c a p t u r e d e t e c t o r s . 
T h e s e d e t e c t o r s a r e b a s e d o n t h e f a c t t h a t g a s e s n o r m a l l y a r e n o t 
e l e c t r i c a l c o n d u c t o r s , b u t c a n b e i o n i z e d a n d t h u s r e n d e r e d c o n d u c t i v e . 
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I n g e n e r a l , t h e r e s i s t a n c e o f a s t r e a m o f a n i o n i z e d g a s i s a f f e c t e d b y 
i t s c o m p o s i t i o n a n d t h i s f a c t c a n s e r v e a s t h e b a s i s f o r d e t e c t i o n . T h e r e 
a r e s e v e r a l w a y s t h a t a g a s c a n b e i o n i z e d . T h e m o s t c o m m o n m e t h o d s a r e 
f l a m e i o n i z a t i o n a n d e l e c t r o n c a p t u r e . B u t n o m a t t e r w h a t i o n i z a t i o n p r o ­
c e s s i s u s e d , a l l i o n i z a t i o n d e t e c t o r s a r e s i m i l a r i n t h a t t h e i o n i z e d 
g a s s t r e a m p a s s e s b e t w e e n a p a i r o f e l e c t r o d e s t h a t h a v e a v o l t a g e i m p o s e d . 
T h e d e t e c t o r r e s p o n s e t a k e s t h e f o r m o f v a r i a t i o n s i n c u r r e n t f l o w . 
I n a n e l e c t r o n c a p t u r e d e t e c t o r i o n i z a t i o n i s e f f e c t e d b y t h e p r e s -
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e n c e o f a s h o r t - r a n g e p * - e m i t t i n g s o u r c e s u c h a s N i . I n o p e r a t i o n , t h e 
(3 s o u r c e p r o d u c e s a s t e a d y s t r e a m o f e l e c t r o n s t h a t a r e c o l l e c t e d b y t h e 
e l e c t r o d e s , p r o v i d i n g a s t e a d y s t a t e c u r r e n t o u t p u t o f t h e d e t e c t o r . I n ­
t r o d u c t i o n o f a c o m p o u n d h a v i n g a s i g n i f i c a n t c r o s s s e c t i o n f o r c a p t u r e o f 
t h e r m a l e l e c t r o n s r e s u l t s i n t h e f o r m a t i o n o f i o n s h a v i n g v e r y m u c h l o w e r 
m o b i l i t i e s t h a n t h e e l e c t r o n s . A s a r e s u l t , t h e c u r r e n t o u t p u t o f t h e 
d e t e c t o r d e c r e a s e s i n t h e p r e s e n c e o f a c o m p o u n d t o w h i c h i t i s s e n s i t i v e . 
T h e r e s p o n s e o f a n e l e c t r o n c a p t u r e d e t e c t o r i s n o t l i n e a r . I t 
c a n b e d e s c r i b e d b y a n e q u a t i o n a n a l o g o u s t o t h a t o f L a m b e r t - B e e r 1 s l a w : 
T T K C I , = I e b a 
w h e r e I i s t h e s t e a d y s t a t e c u r r e n t o b s e r v e d w i t h t h e c a r r i e r g a s o n l y , a 
1 ^ i s c u r r e n t i n t h e p r e s e n c e o f g a s a n d a s a m p l e c o m p o n e n t , K i s a c o n ­
s t a n t d e s c r i b i n g t h e d e t e c t o r p e r f o r m a n c e , a n d C i s t h e c o n c e n t r a t i o n o f 
t h e c o m p o u n d r e s p o n s i b l e f o r e l e c t r o n c a p t u r e . 
T h e v a l u e o f t h i s d e t e c t o r l i e s i n i t s a b i l i t y t o s h o w v e r y h i g h 
r e s p o n s e f o r a r e l a t i v e l y s m a l l n u m b e r o f c o m p o u n d s h a v i n g l a r g e e l e c t r o n -
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c a p t u r e c r o s s s e c t i o n s , w h i l e n o t r e s p o n d i n g t o a g r e a t m a n y o t h e r c o m ­
p o u n d s . I t i s t h e r e f o r e , c a p a b l e o f d e t e c t i n g v e r y s m a l l c o n c e n t r a t i o n s 
o f t h o s e c o m p o u n d s t o w h i c h i t i s s e n s i t i v e , e s p e c i a l l y h a l o g e n a t e d o r -
g a n i c s , a n d p o l y a r o m a t i c s , i n t h e p r e s e n c e o f l a r g e a m o u n t s o f o t h e r 
c o m p o u n d s . 
I n t h e g a s c h r o m a t o g r a p h i c m e t h o d s f o r c h r o m i u m , b e i n g u s e d a t 
p r e s e n t , t h e r e a r e t w o w a y s o f f o r m i n g t h e c h e l a t e s i n t h e o r g a n i c m a t r i x . 
T h e f i r s t a p p r o a c h i n v o l v e s d i g e s t i o n o f t h e b i o l o g i c a l m a t e r i a l , f o l l o w e d 
b y c h e l a t i o n . T h e o t h e r a p p r o a c h u s e s a s o l v e n t e x t r a c t i o n p r o c e d u r e . 
T h e c h e l a t i n g a g e n t i s a d d e d t o t h e s a m p l e . T h e m i x t u r e i s h e a t e d i n a 
c l o s e d c o n t a i n e r . T h i s m i x t u r e i s t h e n e x t r a c t e d w i t h a n o r g a n i c s o l v e n t . 
W i t h a f l u o r o - B - d i k e t o n a t e e x c e l l e n t s e n s i t i v i t y f r o m e l e c t r o n - c a p t u r e 
d e t e c t i o n c a n b e r e a l i z e d . A l s o a s a n a d d e d f e a t u r e o f t h e e l e c t r o n 
c a p t u r e d e t e c t o r s , t h e i r i n s e n s i t i v i t y t o a l l b u t a f e w o r g a n i c s o l v e n t s 
a v o i d s m a n y p r o b l e m s a s s o c i a t e d w i t h a s o l v e n t e x t r a c t i o n s t e p . 
R e g a r d l e s s o f t h e t e c h n i q u e u s e d t o f o r m t h e c h r o m i u m B - d i k e t o n a t e s , 
s e p a r a t i o n f r o m e x c e s s r e a g e n t a n d o t h e r d i k e t o n a t e s i s a c h i e v e d b y t h e 
u s e o f c o l u m n s t h a t c o n t a i n s i l i c o n e g u m s a s t h e l i q u i d p h a s e . 
B u r g e t t ' s m e t h o d ( 6 3 ) i s r e p r e s e n t a t i v e o f m o s t g a s c h r o m a t o g r a p h i c 
m e t h o d s n o w b e i n g u s e d f o r t h e d e t e r m i n a t i o n o f c h r o m i u m i n b i o l o g i c a l 
m a t e r i a l s . 
G a s c h r o m a t o g r a p h i c m e t h o d s d o o f f e r s o m e i m p r o v e m e n t o v e r n e u t r o n 
a c t i v a t i o n i n t h e a m o u n t o f e q u i p m e n t r e q u i r e d , b u t i f l a r g e n u m b e r s o f 
s a m p l e s a r e t o b e p r o c e s s e d , g a s - l i q u i d c h r o m a t o g r a p h y i s n o t t h e m e t h o d 
o f c h o i c e . 
A t o m i c a b s o r p t i o n s p e c t r o p h o t o m e t r y i s a n o t h e r t e c h n i q u e t h a t i s 
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u s e d t o d e t e r m i n e c h r o m i u m i n b i o l o g i c a l m a t e r i a l . T r e m e n d o u s a m o u n t s o f 
w o r k h a v e b e e n d o n e o n t h e d e v e l o p m e n t o f a t o m i c a b s o r p t i o n m e t h o d s f o r 
t r a c e m e t a l s i n b i o l o g i c a l s y s t e m s . T h e r e d u c t i o n o f i n t e r f e r e n c e s i s 
a m o n g t h e r e a s o n s f o r m u c h o f t h e w o r k . 
W i l l i a m s e t a l . ( 6 4 ) s t u d i e d t h e p r o b l e m s i n v o l v e d i n t h e d e t e r ­
m i n a t i o n o f c h r o m i u m i n f e c e s . T h e y u s e d a p h o s p h o r i c a c i d , m a n g a n e s e 
s u l f a t e a n d p o t a s s i u m b r o m a t e m i x t u r e f o r d i g e s t i o n a n d a n a c e t y l e n e - a i r 
f l a m e , O p e r a t i o n w a s o v e r a c h r o m i u m r a n g e o f 0 . 8 t o 7 0 p , g / m l , u s i n g 
a q u e o u s s o l u t i o n s . D e l a u g h t e r ( 6 5 ) d e t e r m i n e d n g / m l c o n c e n t r a t i o n s o f 
c h r o m i u m i n b i o l o g i c a l m a t e r i a l s b y a t o m i c a b s o r p t i o n . A f t e r d i g e s t i o n 
o f t h e s a m p l e , c h r o m i u m i s c h e l a t e d w i t h d i p h e n y l t h i o c a r b a z o n e a n d e x ­
t r a c t e d i n t o m e t h y l i s o b u t y l k e t o n e . T h e m e t h o d i s e x t r e m e l y s e n s i t i v e , 
w i t h t h e l i m i t o f d e t e c t i o n a t o n e n g / m l . H o w e v e r , a t l e a s t 8 0 0 g o f 
s a m p l e i s r e q u i r e d . W i t h t h a t a m o u n t n e e d e d f o r o n e d e t e r m i n a t i o n , t h e 
u s e o f a t o m i c a b s o r p t i o n , i n t h e f l a m e m o d e , w o u l d n o t m e e t t h e r e q u i r e ­
m e n t s f o r a m e t h o d t o b e u s e d o n a r o u t i n e b a s i s . 
T h e d e t e r m i n a t i o n o f t r a c e c h r o m i u m i n b i o l o g i c a l m a t e r i a l b y 
f l a m e a t o m i c a b s o r p t i o n h a s b e e n , a n d s t i l l i s , f r a u g h t w i t h t h e c o m p l e x ­
i t y o f t h e s a m p l e , s a m p l e p r e t r e a t m e n t , s t a n d a r d p r e p a r a t i o n , b a c k g r o u n d 
e f f e c t s , a n d i n s o m e i n s t a n c e s t h e l a c k o f s e n s i t i v i t y . T h e s e p r o b l e m s 
n e c e s s i t a t e d t h e d e v e l o p m e n t o f n e w a t o m i z i n g t e c h n i q u e s t o a c h i e v e t h e 
r e q u i r e d s e n s i t i v i t y f o r m i c r o l i t e r s a m p l e s h a v i n g a m i n i m u m a m o u n t o f 
p r e - t r e a t m e n t . T h i s h a s b e e n a p p r o a c h e d b y t h e i n t r o d u c t i o n o f t h e g r a p h ­
i t e f u r n a c e , t h e h e a t e d g r a p h i t e c e l l , t h e c a r b o n r o d a t o m i z e r , t h e g r a p h ­
i t e c u p , t h e g o l d p l a t e d g r a p h i t e c u p , a n d t h e t a n t a l u m s t r i p . 
A l t h o u g h a p p l i c a t i o n o f t h e a b o v e a t o m i z i n g t e c h n i q u e s r e s u l t e d i n 
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a 1 0 0 0 - f o l d i n c r e a s e i n s e n s i t i v i t y o v e r t h a t a c h i e v e d i n t h e f l a m e , t h e i r 
u s e d i d n o t e l i m i n a t e a l l p r o b l e m s i n v o l v e d i n a n a l y z i n g b i o l o g i c a l s a m ­
p l e s w i t h o u t p r e t r e a t m e n t . T h e s e t e c h n i q u e s a l s o h a v e i n h e r e n t b a c k g r o u n d 
p r o b l e m s . F o r t u b e - l i k e f u r n a c e s , s p e c t r a l i n t e r f e r e n c e s d u e t o l i g h t -
s c a t t e r i n g a n d m o l e c u l a r a b s o r p t i o n a r e e n c o u n t e r e d f o r s a m p l e s w i t h c o m ­
p l e x m a t r i c e s . T h e l i g h t s c a t t e r i n g i s c a u s e d b y c o n d e n s a t i o n o f w a t e r 
v a p o r e s c a p i n g f r o m t h e e n d s o f t h e t u b e a n d b y f o r m a t i o n o f i n o r g a n i c 
m o l e c u l e s ( 6 6 ) . W i t h t h e c a r b o n r o d a t o m i z e r s i m i l a r e f f e c t s a r e o b ­
s e r v e d . W h e n f l a m e l e s s d e v i c e s a r e u s e d , s m o k e f r o m r e s i d u a l o r g a n i c 
m a t e r i a l o r s a l t s c a n e n t e r t h e s a m p l e b e a m , c a u s i n g a s e v e r e n o n s p e c i f i c 
b a c k g r o u n d a b s o r p t i o n . 
B u t o n c e t h e a b o v e p r o b l e m s h a v e b e e n o v e r c o m e , f l a m e l e s s a t o m i c 
a b s o r p t i o n i s a s s e n s i t i v e a t e c h n i q u e a s i s a v a i l a b l e f o r t h e d e t e r m i n a ­
t i o n o f c h r o m i u m i n b i o l o g i c a l m a t e r i a l . 
F l a m e l e s s a t o m i c a b s o r p t i o n w a s u s e d d u r i n g t h e i n v e s t i g a t i o n a s 
a n a i d t o e v a l u a t i o n o f t h e r e s u l t s o b t a i n e d f r o m t h e t w o p h o t o m e t r i c 
m e t h o d s d e v e l o p e d . A c o m p l e t e d i s c u s s i o n o f t h e a t o m i c a b s o r p t i o n m e t h o d 
i s p r e s e n t e d i n S e c t i o n V I I I o f C h a p t e r V I . 
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T h e i m p o r t a n c e o f s a m p l e p r e p a r a t i o n i n t h e d e t e r m i n a t i o n o f t r a c e 
q u a n t i t i e s i n o r g a n i c c o m p o s i t i o n s , b o t h n a t u r a l a n d s y n t h e t i c , i s w i d e l y 
a c k n o w l e d g e d . T h e s u b j e c t i s v i t a l i n b i o c h e m i c a l i n v e s t i g a t i o n s . 
T h e e l i m i n a t i o n o f o r g a n i c m a t t e r w i t h q u a n t i t a t i v e r e t e n t i o n o f 
t h e s o u g h t - f o r e l e m e n t s i n t h e r e s i d u e , i n t r o d u c e s p r o b l e m s o f m a n y f a c e t s . 
T h e s e p r o b l e m s h a v e b e e n e x t e n s i v e l y i n v e s t i g a t e d a n d d o c u m e n t e d ; b u t 
s t i l l , w h e n d e v e l o p i n g a n e w m e t h o d o f a n a l y s i s , t h e t e c h n i q u e b y w h i c h 
o r g a n i c m a t t e r i s e l i m i n a t e d m u s t b e c o n s i d e r e d a g a i n w i t h e m p h a s i s o n 
t h e p a r t i c u l a r s i t u a t i o n . 
T h e r e t e n t i o n f a c t o r d u r i n g d i g e s t i o n i s e s p e c i a l l y i m p o r t a n t i n 
t h e a n a l y s i s f o r t r a c e a m o u n t s o f m e t a l s . M i n u t e l o s s e s d u r i n g t h e d i g e s ­
t i o n s t e p o f a m a c r o a n a l y s i s m a y h a v e n o s i g n i f i c a n t i n f l u e n c e o n t h e 
f i n a l r e s u l t b u t i n t r a c e a n a l y s i s c a n c a u s e d r a s t i c e r r o r s . T h e s t u d y 
o f d r y a s h i n g a n d w e t c h e m i c a l o x i d a t i o n f o r t h e d e s t r u c t i o n o f o r g a n i c 
c o m p o s i t i o n s , a n d t h e s u b j e c t o f p r o c e d u r a l l o s s e s o f e l e m e n t s t o b e 
d e t e r m i n e d h a v e b e e n d o c u m e n t e d b y J . P i j c k e t a l . ( 6 7 ) . T h e m e t a l s i n ­
v o l v e d w e r e A s , S b , C r , C a , A u , F e , C u , H g , P b , M n , M o , V , A g , a n d Z n . 
T h e r e s u l t s o f t h e s t u d y b y P i j c k e t a l . a r e s u m m a r i z e d i n T a b l e s 1 a n d 2 . 
D r y a s h i n g a s a m e a n s o f d i g e s t i o n i n t h e a n a l y s i s f o r c h r o m i u m , a s w e l l 
a s m a n y o t h e r m e t a l s , m u s t b e r e j e c t e d a s a g e n e r a l m e t h o d b e c a u s e o f t h e 
c o n s i d e r a b l e l o s s o f m e t a l , e v e n a t t h e r e l a t i v e l y l o w t e m p e r a t u r e o f 
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T a b l e 1 . M e t a l R e c o v e r y a f t e r D r y A s h i n g ( 6 7 ) 
A n t i m o n y 6 7 8 1 3 5 9 
A r s e n i c 2 3 0 0 0 
C h r o m i u m 9 9 9 9 8 6 5 6 
C o b a l t 98 7 5 6 7 3 0 
C o p p e r 1 0 0 9 8 8 7 5 8 
I r o n 8 6 8 1 5 2 2 7 
G o l d 1 9 0 0 0 
L e a d 1 0 3 7 0 3 2 1 3 
M a n g a n e s e 99 9 6 8 5 7 9 
M e r c u r y 1 0 0 0 
M o l y b d e n u m 1 0 0 9 7 8 5 1 3 
S i l v e r 6 5 6 7 4 5 2 1 
V a n a d i u m 1 0 2 9 9 7 0 6 0 
Z i n c 1 0 0 98 6 9 3 0 
% R e c o v e r y a s a F u n c t i o n o f T e m p e r a t u r e a n d T i m e 
E l e m e n t 4 0 0 ° C 5 0 0 ° C 7 0 0 ° C 9 0 0 ° C 
2 4 h o u r s 1 2 h o u r s 6 h o u r s 3 h o u r s 
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T a b l e 2 . M e t a l R e c o v e r y F o l l o w i n g W e t C h e m i c a l 
O x i d a t i o n ( 6 7 ) 
A n t i m o n y 99 95 95 9 4 1 0 1 
A r s e n i c 9 3 9 4 95 9 3 1 0 1 
C h r o m i u m 1 0 0 1 0 0 1 0 1 1 0 0 
C o b a l t 1 0 0 1 0 0 1 0 1 99 
C o p p e r 1 0 2 1 0 1 1 0 2 1 0 2 
I r o n 98 9 2 95 8 5 1 0 0 
G o l d 7 7 1 0 0 7 7 6 5 1 0 1 
L e a d 1 0 0 1 0 1 1 0 0 1 0 0 
M a n g a n e s e 9 9 9 4 98 1 0 0 
M e r c u r y 2 4 8 7 4 5 30 1 0 0 
M o l y b d e n u m 1 0 1 1 0 0 1 0 1 1 0 0 
S i l v e r 1 0 0 1 0 0 1 0 0 1 0 0 
V a n a d i u m 1 0 0 1 0 0 1 0 0 1 0 0 
Z i n c 9 9 1 0 1 1 0 0 99 
D i g e s t e d M a t e r i a l - % R e c o v e r y 
E l e m e n t B l o o d U r i n e P o w d e r e d M u s c u l a r U n d e r 
V e g e t a b l e T i s s u e T o t a l R e f l u x 
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7 0 0 ° C . A l t h o u g h t h i s c h r o m i u m l o s s c o u l d b e e l i m i n a t e d b y u s i n g s t i l l 
l o w e r t e m p e r a t u r e s , t h e n a n e x t r e m e l y l o n g l e n g t h o f t i m e w o u l d b e r e ­
q u i r e d f o r c o m p l e t e a s h i n g . I n a d d i t i o n , a l l d r y a s h i n g p r o c e d u r e s f o r 
t h e d e s t r u c t i o n o f o r g a n i c m a t t e r d e m a n d u s u a l l y r a t h e r l a r g e s a m p l e s a n d 
a d d i t i o n a l e q u i p m e n t , l i k e e l e c t r i c m u f f l e s , p l a t i n u m d i s h e s , a n d o t h e r 
a p p a r a t u s . 
A v a r i e t y o f t e c h n i q u e s i s a v a i l a b l e f o r t h e d i g e s t i o n o f o r g a n i c 
m a t e r i a l . T h e s e t e c h n i q u e s e m p l o y n i t r i c a c i d , p e r c h l o r i c a c i d , s u l f u r i c 
a c i d , a n d p e r i o d i c a c i d , a n d v a r i o u s m i x t u r e s o f t h e s e . T h e a c i d s s t u d i e d 
i n t h i s i n v e s t i g a t i o n w e r e n i t r i c a c i d , p e r c h l o r i c a c i d , a n d s u l f u r i c a c i d . 
I n t h e i r e v a l u a t i o n , m a i n e m p h a s i s w a s p l a c e d o n 1 ) s p e e d o f d i g e s t i o n , 
2 ) b e h a v i o r o f t h e d i g e s t i o n s y s t e m , a n d 3 ) t h e i n t r o d u c t i o n o f c o m p l i c a ­
t i o n s i n t h e f i n a l d e t e r m i n a t i o n . V a r i o u s m i x t u r e s o f t h e t h r e e a c i d s 
w e r e a l s o e v a l u a t e d o n t h e s a m e t h r e e c r i t e r i a . 
T h e a c t u a l d i g e s t i o n w a s p e r f o r m e d i n 1 3 x 1 0 0 mm t e s t t u b e s w i t h 
c a l i b r a t i o n m a r k s a t 1 . 0 a n d 2 . 0 m i l l i l i t e r s . D e p e n d i n g o n t h e p h y s i c a l 
s t a t e o f t h e s a m p l e , e i t h e r 2 0 0 u.1 o r 0 . 2 0 0 g o f b i o l o g i c a l m a t e r i a l , 
w e r e p l a c e d i n c a l i b r a t e d t e s t t u b e s a n d t h e t u b e s p u t i n t o t h e d i g e s t i o n 
b l o c k ( t h e b l o c k i s d e s c r i b e d i n S e c t i o n V o f C h a p t e r V I ) . T h e h o t p l a t e 
u s e d t o h e a t t h e b l o c k w a s s e t t o t h e s u r f a c e t e m p e r a t u r e n e c e s s a r y t o 
e s t a b l i s h t h e d e s i r e d t e m p e r a t u r e i n t h e t u b e s a n d t h e d i g e s t i o n a l l o w e d 
t o g o t o c o m p l e t i o n . T h e d i g e s t i o n w a s j u d g e d c o m p l e t e d w h e n t h e s o l u t i o n 
i n t h e t u b e w a s c o l o r l e s s a n d c l e a r . 
N i t r i c a c i d w a s t h e f i r s t a c i d t o b e e v a l u a t e d . C o n c e n t r a t e d 
n i t r i c a c i d w a s v e r y f a s t i n d e s t r o y i n g t h e o r g a n i c m a t t e r f o u n d i n 
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b i o l o g i c a l m a t e r i a l s . A 2 0 0 JJLI s a m p l e o f s e r u m w a s d i g e s t e d w i t h 1 m l 
o f c o n c e n t r a t e d n i t r i c a c i d i n 9 0 m i n u t e s o r l e s s d e p e n d i n g o n t h e t e m ­
p e r a t u r e o f t h e d i g e s t i o n b l o c k . B u t t h e r e a c t i o n w a s n o t " w e l l b e ­
h a v e d . " I f t h e t e m p e r a t u r e o f t h e b l o c k w a s t a k e n a b o v e 2 0 0 ° C , t h e s o l u ­
t i o n i n t h e d i g e s t i o n t u b e s b u m p e d , s o m e t i m e s s e v e r e l y e n o u g h t o c a u s e 
e j e c t i o n . W h e n t h e s u r f a c e t e m p e r a t u r e o f t h e h o t p l a t e w a s l o w e r e d t o 
p r e v e n t v i g o r o u s b u m p i n g , t h e t i m e r e q u i r e d f o r c o m p l e t e d i g e s t i o n r o s e t o 
a b o u t f i v e h o u r s . A s a f u r t h e r d r a w b a c k , i t w a s f o u n d t h a t n i t r a t e i o n 
s e v e r e l y i n t e r f e r e s i n t h e f i n a l s t e p s o f b o t h m e t h o d s o f d e t e r m i n a t i o n 
i n t e n d e d , b e c a u s e o f u n d e s i r a b l e r e a c t i o n s w i t h t h e c o l o r i m e t r i c r e ­
a g e n t s . 
S u l f u r i c a c i d w a s f o u n d t o b e s l o w e r a t d i g e s t i n g 2 0 0 jj,l o f s e r u m 
t h a n w a s n i t r i c a c i d a t t h e s a m e t e m p e r a t u r e . B u t t h e d i g e s t i o n w a s 
c o n s i d e r a b l y m o r e w e l l - b e h a v e d , a n d l e f t o p e n t h e p o s s i b i l i t y o f o p e r a t i n g 
a t a h i g h e r t e m p e r a t u r e . T h e n , h o w e v e r , a s t r o n g t e n d e n c y p r e v a i l e d t o 
m e r e l y c h a r t h e o r g a n i c m a t e r i a l i n t h e d i g e s t i o n m i x t u r e . T h e c h a r r e d 
m a t e r i a l s t r o n g l y r e s i s t e d f u r t h e r d i g e s t i o n , r e q u i r i n g a s m u c h a s t e n 
h o u r s t o o b t a i n a c o l o r l e s s s o l u t i o n e v e n w i t h t h e b l o c k t e m p e r a t u r e a t 
3 2 5 ° C . B u t o n c e t h e d i g e s t i o n w a s c o m p l e t e , s u l f u r i c a c i d s o l u t i o n s o f 
d i g e s t e d s e r u m c a u s e d n o f u r t h e r c o m p l i c a t i o n s i n e i t h e r m e t h o d o f f i n a l 
d e t e r m i n a t i o n . 
P e r c h l o r i c a c i d w a s t h e l a s t a c i d t o b e s t u d i e d . T h e u s e o f 
p e r c h l o r i c a c i d f o r t h e d i g e s t i o n o f o r g a n i c m a t e r i a l d e m a n d s t h a t a l l 
s a f e t y r e q u i r e m e n t s b e f o l l o w e d . W h e n t h e s a f e t y r e q u i r e m e n t s a r e 
f o l l o w e d a n d c o m m o n s e n s e i s e m p l o y e d , p e r c h l o r i c p r e s e n t s n o g r e a t e r 
s a f e t y h a z a r d t h a n a n y o t h e r a c i d s t u d i e d . T h i s a c i d p r o v e d e x c e l l e n t 
3 4 
f o r t h e d i g e s t i o n o f o r g a n i c m a t e r i a l . I n e x p e r i m e n t s p e r f o r m e d o n b l o o d 
s e r u m , p e r c h l o r i c a c i d c o m p l e t e l y d i g e s t e d t h e s e r u m i n l e s s t h a n 60 
m i n u t e s a t a b l o c k t e m p e r a t u r e o f 2 2 5 ° C . T h e d i g e s t i o n p r o c e e d e d i n a v e r y 
w e l l - b e h a v e d m a n n e r . B u t t h e u s e o f p e r c h l o r i c a c i d , e s p e c i a l l y a t e l e ­
v a t e d t e m p e r a t u r e s ( > 2 0 0 ° C ) , c a u s e d p r o b l e m s d u r i n g t h e f i n a l s t e p s o f 
a n a l y s i s b y b o t h c o l o r i m e t r i c m e t h o d s u s e d . T h e s e p r o b l e m s w i l l b e e x ­
p l a i n e d i n d e t a i l w h e n d i s c u s s i n g t h e t w o r e a g e n t s ( C h a p t e r s I V a n d V ) . 
T h e f i r s t m i x t u r e o f a c i d s s t u d i e d w a s c o m p o s e d o f e q u a l v o l u m e s 
o f c o n c e n t r a t e d n i t r i c a c i d a n d c o n c e n t r a t e d s u l f u r i c a c i d . T h i s m i x t u r e 
d i g e s t e d t h e s e r u m i n a r o u n d 6 0 m i n u t e s a t a b l o c k t e m p e r a t u r e o f 2 0 0 ° C , 
b u t t h e m i x t u r e b e h a v e d i n a m a n n e r s i m i l a r t o t h a t o f n i t r i c a c i d , t h a t 
i s , s o m e t i m e s b u m p e d d u r i n g t h e d i g e s t i o n . B u m p i n g c o u l d b e e l i m i n a t e d 
b y l o w e r i n g t h e t e m p e r a t u r e . B u t w i t h t h e b l o c k a t 1 2 5 ° C , t h e d i g e s t i o n 
t i m e i n c r e a s e d t o t h r e e h o u r s . N o i l l e f f e c t s i n t h e f i n a l d e t e r m i n a ­
t i o n s a r e i n t r o d u c e d b y t h i s a c i d m i x t u r e , o b v i o u s l y b e c a u s e t h e o t h e r ­
w i s e i n t e r f e r i n g n i t r i c a c i d w a s c o m p l e t e l y r e m o v e d d u r i n g t h e d i g e s t i o n . 
T h e n e x t m i x t u r e e v a l u a t e d w a s o n e c o m p o s e d o f e q u a l v o l u m e s o f 
c o n c e n t r a t e d s u l f u r i c a c i d a n d c o n c e n t r a t e d p e r c h l o r i c a c i d . T h e d i g e s ­
t i o n p r o c e e d s i n a w e l l - b e h a v e d m a n n e r , b u t t h e s a m e p r o b l e m s e n c o u n t e r e d 
i n t h e f i n a l d e t e r m i n a t i o n w i t h p e r c h l o r i c a c i d a l o n e w e r e a l s o c a u s e d b y 
t h i s m i x t u r e . 
T h e f i n a l m i x t u r e s t u d i e d w a s o n e c o m p o s e d o f t h e c o n c e n t r a t e d 
s u l f u r i c , n i t r i c , a n d p e r c h l o r i c a c i d s i n a v o l u m e r a t i o o f 1 5 : 3 : 2 . 
T h e d i g e s t i o n o f b l o o d s e r u m w a s c o m p l e t e i n l e s s t h a n 6 0 m i n u t e s 
w i t h t h e b l o c k a t 3 0 0 ° C . T h e r e a c t i o n p r o d u c e d n o b u m p i n g a n d n o n e o f 
t h e p r o b l e m s e n c o u n t e r e d o t h e r w i s e o c c u r r e d h e r e . B e c a u s e o f t h e s p e e d 
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o f d i g e s t i o n , w e l l - b e h a v e d n a t u r e o f t h e r e a c t i o n , a n d a b s e n c e o f i n t e r ­
f e r e n c e s , t h e m i x t u r e o f 7 5 % s u l f u r i c , 1 5 % n i t r i c , a n d 1 0 % p e r c h l o r i c 
a c i d s w a s u s e d a s t h e d i g e s t i n g s o l u t i o n t h r o u g h o u t t h e e n t i r e i n v e s t i g a ­
t i o n . A n y f u t u r e r e f e r e n c e t o " t h e d i g e s t i o n a c i d " o r " t h e a c i d m i x t u r e " 





Diphenylcarbazide is presently considered the preferred reagent 
for the colorimetric determination of minute amounts of chromium and has 
been used in the analysis of rocks, minerals, iron and steel, water, soil, 
air, leather, and biological materials (68). Under proper conditions, 
hexavalent chromium reacts with the reagent to produce an intensely red-
violet compound of which the formula is not known. The structure of 
diphenylcarbazide is given in Figure 1 and the absorbance curve of the 
chromium(VI)-diphenylcarbazide compound in Figure 2. The molar absorptiv­
ity of the colored compound, calculated on the basis of the molarity of 
dichromate, is known to be 31,400 1/mole-cm at the absorption maximum of 
540 nm (68). Many metals such as mercury, copper, cadmium, silver, lead, 
nickel, cobalt, manganese, zinc, and iron also react with the reagent, 
giving colors ranging from red through violet to blue. But under the 
conditions of low pH, as required for the determination of chromium, the 
sensitivity of the color reaction for the above metals is so small that 
the method may be regarded as practically specific for chromium. 
Long-Path Microcells 
In biological material the chromium is present in such small 
amounts and concentrations that despite the high absorptivity involved 

Figure 2 . Absorption Curve of Chromium(VI)-Diphenylcarbazide 
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such l a r g e q u a n t i t i e s o f sample m a t e r i a l are r e q u i r e d t h a t i t i s d i f f i c u l t 
to use the e x i s t i n g methods i n r o u t i n e d i a g n o s t i c a l a n a l y s i s . T h i s i s a t 
l e a s t the s i t u a t i o n when the u s u a l photometr ic equipment i s employed. 
However, w i t h the use o f l o n g - p a t h m i c r o c e l l s the sample s i z e i s no longer 
so r e s t r i c t i n g a problem. 
I n photometry commonly 1-cm c e l l s o r e q u i v a l e n t tubes are u s e d . 
Some h i g h e r p r i c e d ins t ruments w i l l accept c e l l s l o n g e r than one c e n t i ­
meter but the i n c r e a s e i n path l e n g t h i s pa id f o r w i t h a d i s p r o p o r t i o n a t e 
i n c r e a s e i n the volume o f s o l u t i o n r e q u i r e d to f i l l the c e l l . When the 
amount o f sample i s not l i m i t e d no problem e x i s t s , but when the sample 
volume i s r e s t r i c t e d the d i l u t i o n necessary to reach the volume r e q u i r e ­
ments can c a n c e l any i n c r e a s e i n the absorbance r e s u l t i n g from the l o n g e r 
p a t h . T h e r e f o r e , i f the use o f l o n g - p a t h c e l l s i s to be o f advantage, 
the l e n g t h e n i n g o f the path must be ach ieved w i t h o u t an o f f s e t t i n g volume 
i n c r e a s e . The t h e o r e t i c a l and p r a c t i c a l c o n s i d e r a t i o n s r e l a t e d to t h i s 
problem are found i n the synopses on the p h i l o s o p h y o f l o n g - p a t h and 
microcells i n the theses of Barnes (69) and Paschal (70) as w e l l as i n 
s e v e r a l papers by F laschka and co -workers (71 ,72 ) . 
I t i s v e r y i n s t r u c t i v e to demonstrate the improvements i n the 
d e t e r m i n a t i o n o f chromium i n b lood serum d e r i v e d from the use o f l o n g -
path m i c r o c e l l s . Assume the f o l l o w i n g case : A 1-ml sample o f serum 
known to c o n t a i n 25 ng/ml (4.8 x 10 7 M) i s processed i n such a way tha t 
the volume o f the f i n a l sample p r e p a r a t i o n i s a l s o one m i l l i l i t e r . 
Then, the absorbance due to the c h r o m i u m ( V I ) - d i p h e n y l c a r b a z i d e i s 
0.015, when u s i n g a 1-cm c e l l . Measurement o f such a low absorbance i s 
"pushing the p o i n t " w i t h most photometers. T h e r e f o r e , something must be 
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done in order to obtain a larger absorbance reading. There are three 
avenues open to resolve this problem. First, more sample is used, second, 
the volume of the final sample preparation is lowered, and third, a long-
path microcell is employed. The first avenue, that is, increasing the 
sample size, is applied in presently existing procedures that employ 
diphenylcarbazide (73). These methods, depending on the expected chromium 
concentration use five to ten milliliters of blood or serum. Large sample 
sizes can be tolerated for research purposes but for clinical testing, 
one milliliter is already often to be considered quite high. The second 
approach, reduction of the volume of the final sample preparation, is not 
practically feasible. When using conventional 1-cm cells for the absorb­
ance measurement, one milliliter is barely enough for adequate filling. 
There is an additional difficulty, namely to digest a 10ml serum sample, 
add the required reagents, and still obtain a volume of final sample 
preparation of less than one milliliter. The third avenue, use of long-
path microcells, solves all of the problems described. Assuming the same 
case as above, the absorbance due to the chromium-diphenylcarbazide is 
0.30 when measured in a 20-cm microcell. With this large absorbance, 
there also exists the possibility of even decreasing the sample volume 
well below one milliliter. A series of experiments and calculations were 
performed to determine the minimum volume of sample and final sample 
preparation that would befit the following variety of requirements: 
conditions needed for digestion, kinetics of all reactions involved, re­
strictions to be placed on sample volume, and a certain minimum absorbance 
reading. The conclusion was that a sample volume of 0.2 ml and a 2-ml 
final sample preparation are well suited, and for a serum containing 
41 
25 ng/ml chromium, give an absorbance reading of a comfortable 0.03. 
Method 
With the question of volume size thus settled, the development of 
the actual procedure began. 
The first step in any colorimetric method for the determination of 
chromium in biological material is the destruction of the organic matrix. 
The problems connected with this task have already been discussed in 
Chapter III dealing with sample preparation. There, it was also shown 
that the best choice for a diphenylcarbazide finish proved to be digestion 
by a mixture of concentrated sulfuric, nitric, and perchloric acids in a 
volume ratio of 15:3:2. 
As mentioned before, chromium(III) is the primary form of chromium 
found in biological material, but diphenylcarbazide reacts only with 
chromium(VI), consequently the chromium must be oxidized to the hexavalent 
state. There are many reagents available for this oxidation, among them, 
perchloric acid, and persulfate, bismuthate, and permanganate ions. Ex­
periments were performed with each of these to determine which was the 
best to be used. 
At a first glance, perchloric acid would seem to be the most ad­
vantageous reagent. Besides being the oxidizing agent, the perchloric 
acid can also be used as the digestion acid. Hot, concentrated perchloric 
acid has an oxidation potential of approximately +2 volt but the oxidizing 
power of the hot, concentrated acid is voided by cooling or diluting. 
The situation appears to be ideal; the hot perchloric acid digests 
the biological material, then oxidizes the chromium(III) to chromium(VI) 
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and finally looses its oxidizing power simply by cooling. In actual 
practice, however, problems occur that complicate matters. The hot 
perchloric acid does oxidize the chromium(III) to chromium(VI) but at the 
same time, small amounts decompose according to the following reaction: 
2 H C I O 4 lfiH>ci 2 + 3o2 + H 2 O 2 
The hydrogen peroxide thus produced reduces some chromium(VI) to chromium(III). 
This reduction leads to low chromium recovery. It is known, e.g. from steel 
analyses, that the amount of hydrogen peroxide formed during the decomposi­
tion reaction can be minimized by rapidly cooling the solution from the 
working temperature to near room temperature. Experiments were performed 
to establish the extent to which the reduction takes place both in chilled 
and unchilled solutions. Chilling the solutions increases the chromium 
recovery, but still never to better than 95 percent. But of even more im­
portance was the inconsistency of the loss. The recovery ranged from a 
low of 60 percent in unchilled solutions to a high of 95 percent in chilled 
solutions. The details and results of the experiments are given in Sec­
tion 1 of Chapter VI. 
Persulfate readily oxidizes chromium(III) to chromium(VI). The 
excess of persulfate is easily eliminated by boiling the solution. Un­
fortunately, here, too small amounts of hydrogen peroxide are generated, 
again causing a low recovery of chromium. 
It has been reported (73) that the same problem encountered with 
perchloric acid and persulfate ion is also experienced with bismuthate. 
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In addition, the excess bismuthate must be removed by filtration. 
In acid solution, permanganate oxidizes chromium(III) to chrom-
ium(VI) according to the following reaction: 
10Cr 3 + + 6MnO.~ + llH o0 -> 5 C r o 0 / 2 + 6Mn 2 + + 22H + 4 2 2 7 
Saltzman was the first to propose permanganate ion oxidation in the 
determination of chromium with diphenylcarbazide (73). 
An analogous set of experiments as was employed with the perchloric 
acid oxidation was used to study the recovery of chromium with permanganate. 
The results showed that with permanganate as the oxidizing agent the re­
covery of chromium is always higher than 99 percent. Details of the ex­
periments are listed in Section II of Chapter VI. 
Once the chromium has been oxidized to the hexavalent state the 
excess permanganate must be eliminated before the diphenylcarbazide is 
added. Sodium azide can be used to reduce any manganese(VII) to mangan-
ese(II). The excess azide is destroyed by heating. 
The diphenylcarbazide is dissolved in acetone and diluted with an 
equal volume of 0.1 F sodium dihydrogen phosphate. The phosphate is 
added because, according to Saltzman (73), it stabilizes the color of the 
chromium-diphenylcarbazide. 
Following the color development, the final step is the measurement 
of the absorbance, that has to be done against a reagent blank. 
There are two possibilities for determining the chromium concentra­
tion in the final sample"preparation. One is a calibration curve which 
from the point of view of routine analysis, is the preferred way. Besides 
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being the simplest method, it is sometimes the only method when the amount 
of sample is limited. But, matrix effects sometimes necessitate the use 
of one other method which is less affected by sample composition. This 
second method is standard additions which eliminates many of the problems 
associated with complex samples. 
Experiments' were performed to decide which procedure would be 
required for determining the concentration of chromium by the diphenyl­
carbazide method. It was found that the results obtained were not af­
fected by the procedure by which they were obtained. Thus, the simple 
approach via a calibration curve can be employed in routine diagnostic 
testing. Complete details and results of the above experiments are dis­
cussed in Section IV of Chapter VI. 
Using the facts and data presented above, a procedure has been 
developed for the determination of chromium in biological material. It 
is presented in working procedural form in Section III of Chapter VI. 
Evaluation of Results 
Precision 
To test for the precision, the following scheme was adopted. 
Three serum pools were at hand and triplicate samples were taken from 
each pool and processed simultaneously with three different chromium 
standards and one reagent blank. The latter was used to set 100 percent 
transmittance. The data from the standards were used to establish a 
calibration curve and from it were obtained individual values for each 
triplicate. These values were averaged with any obvious run-away results 
discarded. Several sets of triplicate analysis were run on each pool. 
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The results are presented in Tables 3, 4, and 5. 
As can be seen the precision is quite satisfactory. The spread 
within one triplicate is low, and run-aways are quite rare. Thus in actual 
practice with time, working room, equipment, and sample material at a 
premium, taking only a single sample and reading, will give results of 
high reliability. 
Figure 8 shows the data for a series of standards. Their precision 
of course is implicit in the overall values discussed above. But an addi­
tional separate evaluation is in order and important. Because of the 
high precision, it is readily permitted in practice to establish a cali­
bration curve once and then to use it until preparing a new set of reagent 
solutions or other conditions make recalibration necessary. Of course, 
adherence to the practice of regularly checking the validity of the cal­
ibration curve by incorporating a standard every so often is advisable. 
Accuracy 
The reliability of the diphenylcarbazide method has been proven 
in many works including those related to biological material. In the 
scaled-down version proposed here, the accuracy has been established in 
preliminary experiments where known amounts of dichromate were given and 
correctly found. 
The oxidation efficiency was tested by taking known amounts of 
dichromate, reducing, and analyzing involving reoxidation. Also here, the 
amount given was correctly found. 
Because the biological material was digested for destruction of 
all organic matter, only the remaining inorganic matter had to be considered 
for possible interference. From what is known of the diphenylcarbazide 
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Table 3. Determination of Chromium in Serum Pool I 
by the Diphenylcarbazide Method 
Experiment # Triplicate Results (ng/ml) Average (ng/ml) 
1 25, .0, 25, • 3, 25, .3 25.2 
2 26 • 2, 26, .1, 25, .4 25.9 
3 27, .4, 27, • 1, 27 .6 27.4 
4 26, • 6, 26, • 7, 26. .6 26.6 
5 28, .3, 28. • 3, 28. .6 28.4 
6 27, .0, 27. • 3, 27. .6 27.3 
7 24, .5, 24. 8, 25. ,4 24.9 
8 25. .0, 25. 6, 25. .6 25.4 
9 26. 8, 26.4, 26. ,5 26.6 
10 25. • 1, 24. 5, 49. ,8 24.8 
11 26. 3, 26. 5, 26. .4 26.3 
Average Value 26.3 ng/ml 
Standard Deviation ±1.2 ng/ml 
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Table 4. Determination of Chromium in Serum Pool II 
by the Diphenylcarbazide Method 
Experiment # Triplicate Results (ng/ml) Average (ng/ml) 
1 27. • 7, 27, .1, 27 .2 27.3 
2 28, • 8, 29, • 0, 29, .8 29.2 
3 25, •3, 25.4, 25, .3 25.3 
4 25, • 3, 25, • 9, 26, .2 25.8 
5 26, •4, 26. .0, 26, .6 26.3 
6 27. .0. 27. 1, 27, .1 27.1 
7 28. • o, 28. .5, 28. ,6 28.4 
8 27. . 0 , 27. 1, 27, .4 27.3 
9 29. .1, 29. . 3 , 29. ,6 29.3 
10 26. 5, 26. 6, 26. ,8 26.7 
Average Value 27.3 ng/ml 
Standard Deviation ± 1.4 ng/ml 
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Table 5. Determination of Chromium in Serum Pool III 
by the Diphenylcarbazide Method 
Experiment # Triplicate Results (ng/ml) Average (ng/ml) 
1 22.6, 22 4, 22.2 22.4 
2 22.4, 22 3, 22.3 22.3 
3 21.9, 21 9, 21.6 21.8 
4 23.7, 24 3, 24.2 24.1 
5 24.6, 24 7, 24.7 24.7 
6 24.9, 24 1, 24.3 24.4 
7 22.9, 21 9, 83.6 22.4 
8 23.4, 23 7, 23.8 23.6 
9 22.2, 22 2, 22.3 22.2 
10 23.0, 23 1, 23.2 23.1 
11 21.9, 21 6, 21.7 21.7 
12 22.4, 23. 1, 23.2 22.9 
13 23.4, 23. 9, 23.8 23.7 
14 24.3, 23. 6, 62.7 24.0 
15 22.4, 22. 9, 22.8 22.7 
16 21.6, 21. o, 20.9 21.2 
Average Value 23.0 ng/ml 
Standard Deviation ±1.0 ng/ml 
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method from other analytical applications none of the inorganic serum ions 
should have any effect. To verify this expectation standard additions 
of chromium were made in two ways and the results thus obtained compared 
with those stemming from the new procedure. A series of experiments were 
performed in which two aliquots of a serum were processed one with and 
one without addition of a known amount of chromium. In all cases the 
amount added was recovered satisfactorily. In another series, several 
aliquots of serum were taken and processed as follows, one with no chrom­
ium added and the others with increasing amounts of chromium. Then the 
usual plotting and extrapolation to the negative side of the x-axis was 
performed as shown in Figure 3 . Again the chromium value obtained was a 
perfect match with that from the proposed procedure. 
To completely eliminate any doubt regarding a newly developed 
method, of course, requires comparison with results obtained by another 
method, which should operate on a completely different principle. Of 
such methods for the present work, only flameless atomic absorption was 
available and was used for the ultimate test. 
Initially, it was hoped that the flameless atomic absorption 
analysis could be performed on untreated serum. But unfortunately, ex­
periments proved this not to be feasible and consequently the serum was 
digested, according to the details outlined in Chapter III. Before di­
gestion, certain of the samples were spiked with known amounts of chromium. 
The samples were then processed as outlined in Section VIII of Chapter VI. 
The chromium was thus determined by the method of standard additions. 
A comparison of the results obtained by flameless atomic absorption 
and those using diphenylcarbazide is presented in Table 6 . As can be seen 
Figure 3 . Chromium by the Method of Standard Addition 
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Table 6. Comparison of the Results Obtained 
by the Diphenylcarbazide and Flameless 
Atomic Absorption Methods 
Serum I Serum II Serum III 
Diphenylcarbazide Method 
Average Value (ng/ml) 
Standard Deviation (ng/ml) 
26.3 27.3 
± 1.2 ± 1.4 
23.0 
± 1.0 
Atomic Absorption Method 
Average Value (ng/ml) 
Standard Deviation (ng/ml) 
25.6 27.0 22.1 
± 1.1 ± 1.2 ± 1.4 
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t h e r e s u l t s c o m p a r e v e r y f a v o r a b l y . A l t h o u g h t h e a t o m i c a b s o r p t i o n v a l u e s 
s e e m t o b e s l i g h t l y l o w e r t h a n t h e d i p h e n y l c a r b a z i d e v a l u e s , c a l c u l a t i o n s 
s h o w t h a t o n t h e 9 5 p e r c e n t c o n f i d e n c e l i m i t t h e r e i s n o s t a t i s t i c a l d i f ­
f e r e n c e b e t w e e n t h e a v e r a g e s . 
I n t e r f e r e n c e S t u d y 
T h e a b o v e r e s u l t s w e r e o b t a i n e d f r o m p o o l e d s e r u m w h i c h c a n b e 
a s s u m e d t o h a v e n o r m a l c o n c e n t r a t i o n o f a l l i o n s . T h e q u e s t i o n s t i l l 
r e m a i n s a s t o t h e e f f e c t o f a b n o r m a l l y h i g h c o n c e n t r a t i o n s o f t h e s e i o n s 
o n t h e r e s u l t s . T h e r e f o r e a s t u d y w a s p e r f o r m e d t o d e t e r m i n e t h i s e f f e c t . 
A s a l l a n i o n s a r e d e s t r o y e d o r r e m o v e d , e m p h a s i s w a s o n l y n e e d e d o n t h e 
c a t i o n s . T h e a n s w e r a s t o t h e s i t u a t i o n s a t a b n o r m a l l y e l e v a t e d c o n c e n ­
t r a t i o n s w a s a n s w e r e d b y e x p e r i m e n t s . O f t h e e l e m e n t s i n q u e s t i o n , i r o n , 
c o p p e r , z i n c , c a l c i u m , a n d m a g n e s i u m w e r e i n v e s t i g a t e d a n d n o i n t e r f e r e n c e 
e n c o u n t e r e d , t h a t i s , t h e r e w a s n o c h a n g e i n t h e v a l u e s o b t a i n e d o r t h e 
s p r e a d w i t h i n t r i p l i c a t e a n a l y s e s . T e s t s w e r e m a d e o n l y u p t o 2 0 t i m e s 




The chromium(VI)-diphenylcarbazide complex with a molar absorptivity 
of 31,400 1/mole-cm appears to be extremely well suited for the photometric 
determination of minute amounts of chromium. But closer examination re­
veals some drawbacks. The above absorptivity is based on the molarity 
of dichromate. When the calculation is made on the basis of the molar 
concentration of chromium (instead of dichromate) the "apparent absorp­
tivity" of the chromium-diphenylcarbazide complex becomes 15,700 1/mole-cm 
-2 
(because of 2 Cr per Cv^-j ). This is not a value that allows a reagent 
to be considered superior. Therefore, a search was instigated for other 
reagents. Two possible compounds are 1-(2-pyridylazo)-2-naphthol (PAN) 
and 4-(2-pyridylazo)-resorcinol (PAR). Both form complexes with chrom-
ium(III) that have (true) molar absorptivities around 45,000 1/mole-cm. 
Unfortunately the reagents lack selectivity as they form strongly absorbing 
complexes with all of the heavy metals found in biological material. Thus, 
a preliminary separation of the chromium would be necessary, a fact that 
makes PAN and PAR less desirable for routine analysis. 
Chemical Amplification 
Several other reagents were considered but rejected because of 
inadequacies regarding sensitivity or selectivity or because of other 
difficulties to be expected in application in routine analysis. There 
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exists, however, one particular approach to increase sensitivity that has 
found growing attention in recent years, namely, chemical amplification. 
The principle applied to the present situation is: instead of operating 
on a one-by-one basis as is the case between dichromate and diphenylcarb­
azide or chromium and PAN or PAR, use is made of the change of three elec­
trons per chromium when going from chromium(VI) to chromium(III). If 
these electrons could be used to cause formation of a strongly absorbing 
species the apparent absorptivity per mole of chromium would be triple 
that corresponding to the one-to-one basis. One of the possibilities in 
this respect is the reaction of dichromate with iodide leading to the 
liberation of three moles of iodine per mole of chromium followed by ex­
traction of the liberated iodine into chloroform or carbon tetrachloride 
to give the well known deeply violet solution. This is only an example 
for amplification because the absorptivity of iodine is too low to yield 
an apparent absorptivity that would be sufficient to determine chromium 
at levels normally occurring in serum. However, the search in the direc­
tion of amplification lead to a paper by Barek and Berka (75) that seemed 
to offer great possibilities. These authors developed a new method for 
standardizing ascorbic acid solution employing potassium dichromate as 
the primary standard. The method works as follows: a known amount of 
potassium dichromate is dissolved and to the solution is added manganese(II) 
pyrophosphate, which is oxidized to the manganese(III) pyrophosphate. 
Next is added o-tolidine which is reversibly oxidized by the manganese(III) 
pyrophosphate to the corresponding intensely yellow colored quinonediimine, 
4,41-diimino-3,31-dimethy1-biphenoquinone. This is then titrated with 
ascorbic acid to a visual end point. The reactions involved are presented 
in Figure 4. 
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Cr 20 7 2" + 6 [ M n / H ^ O ^ ] 2 " + 6 H4P207 + 2 H + 
6 [ Mn/H^OX 13" + 2 C r 3 + + 7 H20 
2 [ Mn/H2P207/3 ] 3" + H2N-C 
GH 
2 [ Mn/H 2P 2(y 2 ] 2" + HN NH + 
2 H2P2°72" + 2 H + 
NH + C-C=C-CH-CH-CH 0OH 
0 OH OH OH 
I °—I 
NH, + C-C-C-CH-CH-CH 0 OH 2 II n ii i 2 
O O O OH 
Figure 4 . Chromium(VI) Reaction Sequence 
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Properties of the Quinonediimine of o-Tolidine 
Barek and Berka did not develop the method with the intent of 
amplification, but rather to place the reaction between dichromate and 
ascorbic acid on a predictable and reproducible stoichiometric basis which 
is not realized when letting the two components react directly. However, 
the procedure contains a promising possibility of amplification, with re­
spect to the determination of chromium (III) in biological material. 
After oxidation to chromium(VI) the first two reactions of the scheme in 
Figure 4 are allowed to take place and then the concentration of the 
quinonediimine is established by photometry because for a titration, the 
amounts involved are far too small. From the scheme in Figure 4, it can 
be deduced that 1.5 moles of diimine are formed per one mole of chromium. 
Preliminary experiments (for details see Section VI of Chapter IV) 
established the molar absorptivity of the quinonediimine at the absorbance 
maximum of 440 nm as 30,200 1/mole-cm, which is quite close to the 31,400 
1/mole-cm of the chromium(VI)-diphenylcarbazide. But the apparent absorp­
tivity of 30,200 1/mole-cm x 1.5= 45,300 1/mole-cm per mole of chromium 
is about three times that of the diphenylcarbazide compound (15,700 
1/mole-cm). 
Method 
With these promising facts at hand the development of a procedure 
was started. As already pointed out the chromium has to be in the hexa-
valent state in order to start the sequence of reactions presented in 
Figure 4. The hexavalent state is also the basis for the diphenylcarbazide 
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method, and, therefore, the chances were good that the digestion and 
oxidation steps already established for the proceeding method would be 
adequate for the new one. Experiments fully verified this expectation. 
The oxidation of the chromium(III) with permanganate and the subsequent 
reduction of excess permanganate provides also the required manganese(II), 
so only pyrophosphate need be added. The final steps are then addition 
of o-tolidine and measurement of the absorbance. 
Using the above information, a working procedure for determination 
of chromium in biological material was developed. This procedure is pre­
sented in Section VII of Chapter VI. 
Evaluation of Results 
The three serum pools employed in the diphenylcarbazide and flame­
less atomic absorption studies were analyzed for chromium using the pro­
cedure outlined above. As in the diphenylcarbazide study, individual 
samples from each pool were processed in triplicate and the three results 
averaged. Obvious run-away values were not included in this average. 
Three known chromium solutions were processed along with the three serum 
samples, as was a reagent blank. The chromium standard solution was used 
to establish a calibration curve and the reagent blank used to set 1 0 0 
percent transmittance on the photometer. 
The results of repeated triplicate analyses were averaged and an 
estimate of the standard deviation calculated. These results for all 
serum pools are shown in Tables 7, 8, and 9. 
The average chromium values for each pool as determined by the 
o-tolidine, diphenylcarbazide, and atomic absorption method are listed 
in Table 1 0 . Comparison of these results reveals a slight but seemingly 
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Table 7. Determination of Chromium in Serum Pool I 
by the o-Tolidine Method 
Experiment # Triplicate Results (ng/ml) Average (ng/ml) 
I—> 29 • 0, 29.1, 29.4 29, .2 
2 29, .0, 28.6, 28.5 28, .7 
3 29, • 2, 29.3, 29.5 29, .4 
4 27, .3, 27.6, 27.9 27. .6 
Ul
 31, .8, 31.8, 31.9 31. .8 
6 30, • 1, 30.0, 30.5 30. .2 
7 29, • 5, 29.5, 29.8 29. ,6 
8 30. .9, 30.6, 30.9 30. ,8 
9 28, 1, 28.6, 27.9 28. ,1 
Average Value 29.5 ng/ml 
Standard Deviation ±1.3 ng/ml 
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Table 8. Determination of Chromium in Serum Pool II 
by the o-Tolidine Method 
Experiment # Triplicate Results (ng/ml) Average (ng/ml) 
1 31.0, 31.0, 31, .6 31, .2 
2 30.6, 30.6, 30. .8 30, .7 
3 33.2, 34.0, 92. ,8 33. .6 
4 30.6, 30.4, 30. ,0 30. .3 
5 32.6, 32.7, 32. ,8 32. ,7 
6 30.3, 30.1, 30. ,5 30. .3 
7 31.3, 31.7, 31. ,1 31. .4 
8 32.0, 32.2, 32. ,4 32. ,2 
Average Value 31.6 ng/ml 
Standard Deviation ±1.2 ng/ml 
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Table 9. Determination of Chromium in Serum Pool III 
by the o-Tolidine Method 
Experiment # Triplicate Results (ng/ml) Average (ng/ml) 
1 24.1, 24.9, 24.9 24.7 
CM 25.7, 25.5, 25.9 25.7 
3 24.7, 24.7, 25.1 24.9 
5 26.0, 26.3, 26.4 26.2 
5 28.4, 28.4, 28.4 28.4 
6 29.0, 29.2, 29.1 29.1 
7 24.3, 25.0, 24.8 24.7 
8 25.3, 25.0, 25.6 25.3 
9 26.3, 26.4, 26.5 26.4 
Average Value 26.2 ng/ml 
Standard Deviation ±1.6 ng/ml 
6 1 
T a b l e 1 0 . A v e r a g e C h r o m i u m V a l u e s f r o m o - T o l i d i n e , 
D i p h e n y l c a r b a z i d e , a n d A t o m i c A b s o r p t i o n 
M e t h o d s 
S e r u m I S e r u m I I S e r u m I I I 
o - T o l i d i n e M e t h o d 
A v e r a g e V a l u e ( n g / m l ) 
S t a n d a r d D e v i a t i o n ( n g / m l ) 
2 9 . 5 
± 1 . 3 
3 1 . 6 
± 1 . 2 
2 6 . 2 
+ 1 . 6 
D i p h e n y l c a r b a z i d e M e t h o d 
A v e r a g e V a l u e ( n g / m l ) 
S t a n d a r d D e v i a t i o n ( n g / m l ) 
2 6 . 3 
± 1 . 2 
2 7 . 3 
± 1 . 4 
2 3 . 0 
+ 1 . 0 
A t o m i c A b s o r p t i o n M e t h o d 
A v e r a g e V a l u e ( n g / m l ) 
S t a n d a r d D e v i a t i o n ( n g / m l ) 
2 5 . 6 
± 1 . 1 
2 7 . 0 
± 1 . 2 
2 2 . 1 
± 1 . 4 
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definite trend toward higher values for the chromium concentrations when 
the o-tolidine method is used, although on a 997o confidence level there 
is no statistical difference between the averages. 
As in the diphenylcarbazide method, experiments were performed 
that tested the effect of abnormally high concentrations of iron, copper, 
zinc, calcium, and manganese on chromium recovery in the o-tolidine method. 
These metals did not affect the results even when the concentrations were 
.20 times greater than those normally found in man. 
Possible Interference by Vanadium 
There still exists the problem of explaining the slightly yet 
consistently higher results obtained with the o-tolidine method. Since 
the more commonly found metals in serum did not have any effect, the 
possibility had to be considered that another trace metal may be responsi­
ble. Since the method is based on redox reactions a survey of electro­
chemical potentials revealed vanadium as a possible source for the differ­
ence. A simple experiment verified the possibility. When o-tolidine was 
added to a solution containing vanadium(V) and manganese(II) pyrophosphate 
the solution turns yellow immediately. Serum vanadium if not already 
present as vanadium(V) is oxidized to the pentavalent form during the 
permanganate oxidation step. This vanadium(V) then oxidizes manganese(II) 
pyrophosphate to manganese(III) pyrophosphate with the formation of 
vanadium(IV). The manganese(III) thus produced initiates the rest of the 
reaction sequence shown in Figure 4. The final result is an apparent in­
crease in the chromium concentration. Only one manganese(III) is produced 
per vanadium(V) and consequently only 0.5 moles of the quinonediimine 
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occur per mole vanadium. On a weight basis approximately nine nanograms 
of vanadium per milliliter serum is required to cause the difference ob­
served between the results from the diphenylcarbazide and o-tolidine meth­
ods. When serum samples were actually spiked with nine nanograms of 
vanadium per milliliter the results for the chromium did come out higher 
by 2.9 nanograms per milliliter. 
Due to lack of appropriate facilities it was not possible to ac­
tually determine the vanadium in the sera at hand. However, because the 
sera were three pooled ones the assumption that the vanadium levels were 
normal was a reasonable one. With the normal level for vanadium in human 
serum reported to be 4-9 nanograms per milliliter (77) the slightly ele­
vated chromium values obtained by the o-tolidine method find an acceptable 
explanation. 
The o-tolidine method presented here is approximately three times 
as sensitive as the diphenylcarbazide method; the reagent solutions are 
easier to prepare, and show better stability; so does the color developed. 
Thus the new method offers distinct advantages. But due to the still 
somewhat unclear situation concerning vanadium (or another culprit) a word 
of caution is in order, when planning application of the method to rou­
tine diagnostic testing. 
A low chromium value obtained by this method definitely indicates 
a low chromium in the patient regardless of the vanadium concentration. 
But an extremely high vanadium concentration could bring a de facto low 
chromium value up to the normal-level range. An apparent high chromium 
value could be due to an extreme vanadium concentration. But, fortunately, 
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the high values are of less interest because high chromium states usually 
are due to poisoning, which normally manifests itself in clear clinical 
symptoms. 
Thus the situation is not totally unfavorable but until more is 
known about vanadium and especially its extreme highs, the role this metal 




Many facts established experimentally have been mentioned in the 
preceding sections. There, only the results were of interest and the 
detailed description of the actual experiments would have interrupted 
the smooth flow of thoughts. For the evaluation of the results, however, 
the procedural details are of importance and are given here. 
Section I 
"Chromium Recovery with Perchloric Acid Oxidation" 
The difficulty of fully oxidizing chromium with perchloric acid 
is well known, but in several branches of analytical chemistry, e.g. 
steel analysis, procedures have been developed that eliminate the problem. 
They prescribe a rapid chilling by inserting the heated vessel into an 
ice bath. Then, the temperature range within which the formation of the 
detrimental hydrogen peroxide predominates is quickly transgressed and 
correct results are obtained. 
Application of this principle was tested as described below but to 
no avail. A volume of 5, 10, 25 \il of 6.7 x 10 "*M chromium(III) was placed 
into three digestion tubes. One milliliter of concentrated perchloric 
acid was added to each tube. Next the tubes were heated at 200 C for one 
hour and then allowed to cool to room temperature. The solutions were 
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diluted with 0.5 ml of deionized water and 0.50 ml of a 0.25% diphenyl­
carbazide solution was added. The solutions were diluted to two ml with 
deionized water and the absorbance measured at 540nm. The amount of 
chromium was obtained from a calibration curve. The curve was prepared 
from data obtained by taking 5, 10, and 25 p.1 of a potassium dichromate 
- 6 
solution 8.6 x 10 M with respect to chromium, adding 0.50 ml of 0.257. 
diphenylcarbazide, diluting to two ml with deionized water, and measuring 
the abosrbance at 540nm. Three more solutions exactly like those above 
were prepared. Once the oxidation was complete, ice made from deionized 
i 
o i 
water was added. This rapidly cooled the solution from 200 C to approx-
o o 
imately 50 C. The cooling from 50 C to room temperature was gradual. 
Diphenylcarbazide was added and the absorbance measured, and the amount 
of chromium obtained from the calibration curve. 
The results are presented in Table 11. They show that without j 
chilling, at the most only 90% of the chromium(III) added is found. To I 
make matters worse the percent recovery was not constant, ranging from 
60 to 907o. With chilling, the spread was reduced and the recovery im­
proved, but still did not exceed 9570. 
Some minor variations in the approach did not bring any improvement. 
While it may be possible to resolve the problems, it was felt that the 
possible need of special equipment for and extra care during the oxidation 
with perchloric acid would impose difficulties on a practical procedure. 
Since there are other methods for the oxidation, this particular investi­
gation was terminated. 
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Table 11. Chromium Recovery Following Perchloric Acid Oxidation 
Run # (JL 1 ng Cr taken ng Cr found % Cr recovered 
Without Chilling 
I 5 2.3 1.4 61 
10 4.6 3.8 83 
25 11.5 10.3 90 
II 5 2.3 1.7 74 
10 4.6 3.3 72 
25 11.5 10.0 87 
III 5 2.3 2.0 87 
10 4.6 3.5 76 
25 11.5 9.7 84 
With Chilling 
I 5 2.3 2.1 91 
10 4.6 4.0 87 
25 11.5 10.9 95 
II 5 2.3 2.0 87 
10 4.6 4.0 91 
25 11.5 10.7 93 
III 5 2.3 1.7 74 
10 4.6 3.9 85 
25 11.5 10.6 92 
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Section II 
"Chromium Recovery with Permanganate Oxidation" 
Another well established method for the oxidation of chromium(III) 
employs permanganate. While mere cooling suffices in the case of per­
chloric acid to "remove excess of oxidant," for the permanganate a further 
reagent is needed for this purpose. Several are at hand, with formic acid 
and sodium azide being the ones most frequently mentioned in the litera­
ture. For the experiments here described sodium azide was selected. The 
approach was analogous to that used in the perchloric acid study. Solu-
-5 
tions were prepared that contained 5, 10, and 25 JJ, 1 of 8.6 x 10 M chrom­
ium. A volume of 0.5 ml of 0.1F sulfuric acid was added to each, fol­
lowed by 0.2 ml of 0.05 F potassium permanganate. The solutions were 
heated in a boiling water bath for ten minutes, allowed to cool, 0.1F 
sodium azide added dropwise until the permanganate color disappeared, and 
heated in the bath five minutes more. After the solutions had cooled, 
0.5 ml of 0.25% diphenylcarbazide was added, the solution diluted to two 
ml, and the absorbance at 540nm measured. The amount of chromium was 
calculated from the calibration curve described in Section I. 
The results are given in Table 12 and show that with permanganate 
as the oxidant more than 99%, of the chromium is recovered. 
Section III 
"Working Procedure for the Determination of Chromium 
in Biological Materials Using Diphenylcarbazide" 
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Table 12. Chromium Recovery Following Permanganate Oxidation 
Run # u.1 ng Cr taken ng Cr found % Cr recovered 
I 5 2.3 2.3 100 
10 4.6 4.6 100 
25 11.5 11.5 100 
II 5 2.3 2.3 100 
10 4.6 4.6 100 
25 11.5 11.5 99 
III 5 2.3 2.3 100 
10 4.6 4.6 100 
25 11.5 11.5 100 
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Apparatus and Reagents 
1) Calibrated Digestion Tubes. Use 13 X 100 mm pyrex test tubes 
and calibrate as follows. Place the dry tubes in an exactly upright posi­
tion and dispense into them 1.00 ml of water, mark the meniscus with a 
diamond stylus. Add another 1.00 ml of water and again mark. 
2) Digestion Block. See Section V of this chapter. 
3) Photometer. See Section V of this chapter. 
4) Digestion Acid. Mix 75 ml of concentrated sulfuric acid with 
15 ml of concentrated nitric acid and 10 ml of concentrated perchloric 
acid. 
5) Water. All water used during the procedure must be deionized. 
6) Potassium Permanganate Solution, 0.05 F. Dissolve 0.79 g of 
reagent grade potassium permanganate in 50 ml of water and dilute to 100 ml. 
This solution must be prepared weekly. 
7) Sodium Azide Solution, 0.1 F. Dissolve 0.65 g of reagent grade 
sodium azide in 50 ml of water and dilute to 100 ml. This solution must 
be prepared every three days. 
8) Chromium Stock Solution, 20 ng/p,l. Dissolve 56.58 mg of reagent 
o 
grade potassium dichromate (dried at 110 C for one hour) in 100 ml of 
water and dilute to one liter. This solution will keep indefinitely. 
9) Chromium Working Solution, 0.2 ng/|j,l. Dilute 1.00 ml of the 
chromium stock solution to 100 ml. This solution must be prepared the 
day it is to be used. 
10) Sodium Dihydrogen Phosphate Solution, 0.1 F. Dissolve 12 g 
of reagent grade sodium dihydrogen phosphate dekahydrate in 100 ml of 
water and dilute to one liter. This solution will keep indefinitely. 
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11) Diphenylcarbazide Solution, 0.25%. Dissolve 0.25 g of 
certified s-diphenylcarbazide in 50 ml of spectrograde acetone and dilute 
with 50 ml of 0.1 F sodium dihydrogen phosphate. The diphenylcarbazide 
solution must be prepared the day it is to be used. 
Procedure 
1) Place 0.200 ml of a liquid or 200 mg of a solid sample into a 
calibrated digestion tube. 
2) Add one milliliter of digestion acid, place into the heated 
o 
block (300 C), and digest for one hour. 
3) Remove the tube from the block, allow to cool, dilute with 
0.5 ml of R^O, add 0.1 ml of 0.05 F KMnO^, and place in a boiling water 
bath for 10 minutes. 
4) Cool to room temperature and dropwise add 0.1 F NaN^ until the 
permanganate color is discharged; add one more drop and heat the tube in 
boiling water for five minutes. 
5) Cool to room temperature, add 0.5 ml of 0.25% diphenylcarbazide 
solution, and dilute to 2.0 ml with h^O. 
6) Wash the cell with two 0.3 ml portions of solution, fill the 
cell and measure the absorbance at 540 nm, then fill the cell a second 
time and measure the absorbance again and average the results. All ab­
sorbances are measured against a reagent blank. 
7) Obtain the chromium concentration of the sample from a calibra­
tion curve which is prepared by carrying 5, 10, 15, 20, and 25 |i 1 of 




"Working Procedure for the Determination of Chromium 
in Biological Materials Using o-Tolidine" 
These steps are the same as respectively listed in the 
Diphenylcarbazide Method (Section III of this chapter). 










10) Sodium Pyrophosphate Solution, 0.5 F. Dissolve 22.5 g of 
reagent grade sodium pyrophosphate dekahydrate in 50 ml of water and dilute 
to 100 ml. This solution is stable indefinitely. 
11) o-Tolidine Solution, 0.005M. Dissolve 0.1 g of certified 
o-tolidine in 50 ml of water, add one ml of concentrated sulfuric acid 






These steps are the same as respectively listed in the 
Diphenylcarbazide Method (Section III of this chapter). 
5) Cool to room temperature and add 0.1 ml of 0.5 F Na^P^O^. 
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6) Add 0.5 ml of 0.005M o-tolidine, dilute to 2.0 ml, and wait 
ten minutes for color development. 
7) Wash the cell with two 0.3 ml portions of solution, fill the 
cell and measure the absorbance at 440 nm, then fill the cell a second 
time and measure the absorbance again and average the results. All ab­
sorbances are measured against a reagent blank. 
8) Obtain the chromium concentration of the sample from a calibra­
tion curve which is prepared by carrying 5, 10, 15, 20, and 25 u.1 of 




All digestions were performed in exactly the same manner using 
exactly the same volumes of acid or acid mixtures and the same hot plate 
and digestion block. The hot plate was a Corning, model PC-351, combina­
tion hot plate and magnetic stirrer, with a maximum surface temperature of 
o 
520 C as given by the manufacturer. The digestion block was made of 
aluminum. The complete details of the block are illustrated in Figure 5. 
This block was placed on the heating portion of the Corning hot 
plate. Due to the heat loss by the block to the atmosphere, the surface 
temperature of the hot plate as read from the adjustable heat dial could 
not be attained in the block or in the tubes placed into the block. There­
fore, a study was performed to determine the relationship between the 
temperature of the hot plate as read from the heating dial, and the 
13 cm 
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Figure 5 . Digestion Block 
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temperature inside a digestion tube containing one ml of concentrated 
sulfuric acid. The results of this study are illustrated in Figure 6. 
Also studied was the heating rate of the block. The heat dial on the hot 
plate was set to the maximum temperature and the temperature of the block 
was read every two minutes for a period of two hours. The results of this 
study are illustrated in Figure 7. 
Section VI 
"Calibration Curve versus Standard Addition" 
The two most frequently employed approaches in evaluating results 
are using a calibration curve and applying the method of standard addition. 
The latter is in general more reliable especially when varying matrix ef­
fects need to be considered, while the former is simpler. The following 
experiments were undertaken to clarify the question of whether the cali­
bration curve approach would be adequate. 
Into each of six calibrated digestion tubes was placed 200 (j,l of 
serum. Volumes of 5, 10, 15, 20, and 25 p,l of chromium working solution 
were added to five tubes. No chromium was added to the sixth tube. All 
tubes were then processed according to the procedure listed in Section III 
of this chapter. A graph was made of absorbance versus the nanograms of 
chromium added. The amount of chromium in the serum was obtained by ex­
trapolating the curve to 0 absorbance. This graph is shown in Figure 3. 
A calibration curve was prepared according to Section III and the 
chromium concentration of the tube number six that had no chromium working 
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Figure 6 . Digestion Block Temperature versus Hot Plate Surface Temperature 
Figure 7 . Digestion Block Temperature versus Heating Time 
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Figure 8. Calibration Curve for Chromium 
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was no discernible difference between the concentration found by a 
calibration curve or by the method of standard addition. The above 
experiment was repeated eight times with different serum samples and the 




The photometer used during the majority of this investigation and 
the one referred to in the procedures of both photometric methods was of 
modular design. A block diagram of the photometer is shown in Figure 9. 
The light source is a McKee-Pedersen model MP-1019 with a GE 1763 
bulb operating from six volts, supplied by a McKee-Pedersen model MP-1026 
regulated power supply. The MP-1026 has the added advantage of permitting 
accurate adjustment of light intensity by varying the voltage setting. 
The MP-1019 is fitted with a rotating shutter which allows rough control 
of the light output. 
The monochromator is a McKee-Pedersen model MP-1018, which uses 
the Czerny-Turner configuration. It has a 590 line/mm replica diffraction 
grating blazed for 400 nm. The wavelength is directly readable on the 
turns counter to ±0.2 nm. 
The long-path microcell is discussed in Section IX of this chapter. 
The light detector is a McKee-Pedersen model MP-1021 photomulti-
plier, equipped with a RCA 931A tube. The unit will also accept RCA 1P21, 







the tube employed should have maximum sensitivity in the spectral region 
of interest, the RCA 931A was selected as the best available in this 
regard. The spectral response curve for the RCA 931A is given in Figure 10. 
The power for the photomultiplier is provided by a McKee-Pedersen 
model MP-1030 high voltage power supply, which can deliver 3.0 milliamperes 
at 500 to 1000 volts and is equipped with a current limiter. The latter 
protects the photomultiplier from possible damage by excessive light levels. 
It is designed so that the power supply can not deliver more current than 
the amount set on the current limit control. The RCA 931A photomultiplier 
tube should not be subjected to currents greater than one milliampere. 
The manufacturer's recommendations for the maximum currents should be 
consulted when other photomultiplier tubes are used. 
The optical components of the photometer were connected with McKee-
Pedersen models MP-1891 and MP-1892 inlet and outlet connectors respec­
tively. These also assure that all components of the photometer are prop­
erly aligned. 
For the read-out, a Keithly Instrument model 160 digital voltmeter 
was used. This is a solid-state, line operated multimeter with the ac­
curacy and convenience of a digital display. The photomultiplier voltage 
is read as percent transmittance. This is then converted to an absorbance 
reading. 
For research and general application a photometer of the type 
described above is welcomed because of its versatility. But for the de­
termination of one particular species on a routine basis it is too big an 
investment. Here recent development with the application of specific 
solid-state devices have brought great simplification. A light emitting 
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diode (LED) affixed to one end of a cell and a phototransis tor to the 
other represents almost a photometer in itself. Only components for sup­
ply of power and adjustment circuits need be added. 
One such instrument is described below. The photometer uses a 
green LED as its light source. The emission of the green LED is centered 
around 540 nm with a half-width of 20 nm. The LED is physically attached 
to the end of the long-path microcell. To the other end, a phototransistor 
is mounted that is connected to an amplifier and adjustment circuit. The 
photometer is illustrated in Figure 11 and the schematic of the electronics 
in Figure 12. 
A comparison of the results in Table 13 shows that the data pro­
vided by the solid-state instrument are essentially the same as those of 
the modular photometer described in the first part of this section. 
The solid-state photometer is suitable for use with the diphenyl­
carbazide method because the green LED emission is centered around 540 nm 
but at this time no LED is available with an emission centered around 
440 nm, therefore there is not a solid-state photometer available that can 
be used in conjunction with the o-tolidine method. 
Section VIII 
"Absorption Maximum and Molar Absorptivity of the Quinonediimine 
of o-Tolidine" 
No literature reference could be found that stated the molar 
absorptivity or absorption maximum of the quinonediimine. Therefore, it 
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Table 13. Comparison of Photometers 
Cr Concentration Absorbance (540 nm) 
(ng/ml) Modular Photometer Solid-State Photometer 
0 0.000 0.000 
2.3 0.027 0.027 
4.6 0.054 0.053 
6.9 0.081 0.081 
9.2 0.108 0.108 
11.5 0.134 0.133 
13.8 0.164 0.162 
16.1 0.191 0.191 
18.4 0.214 0.215 
20.7 0.242 0.240 
23.0 0.271 0.270 
25.3 0.295 0.296 
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of potassium dichromate was prepared and 2, 5, and 10 ml of this solution 
were placed into 100-ml volumetric flasks. Fifty milliliters of deionized 
water was added to each flask followed by 0.5 g of manganese(II) sulfate 
and 2.0 g of sodium pyrophosphate dekahydrate. To each flask, 10 (j,l of 
0.005M o-tolidine was added and diluted to 100 ml. An absorbance curve 
was taken of the solution containing ten ml of dichromate solution. This 
is presented in Figure 13. The absorbance of each solution was then mea­
sured at 440 nm, the absorption maximum. Using these abosrbances and the 
stoichiometry of the reaction scheme in Figure 4, the molar absorptivity 
of quinonediimine was found to be 30,200 1/mole-cm. 
Section IX 
"Determination of Chromium in Biological Materials 
Using Flameless Atomic Absorption Spectrophotometry" 
As mentioned before, to remove any possible doubt as to the validity 
of the results obtained by the diphenylcarbazide method, the chromium con­
centrations of the three serum pools used during this investigation were 
analyzed by a method that employs a completely different principle, namely 
flameless atomic absorption. Five individual samples from each serum 
pooled were taken and four spiked with 5, 10, 15, and 25 (j.1 of a solution 
containing 0.2 nanograms of chromium per microliters. The solutions were 
digested, according to steps 1 and 2 of the procedure listed in Section III 
of this chapter, cooled and diluted to 2.0 ml. A volume of 10 p,l of each 
resulting solution was injected into a Perkin-Elmer model 2000 graphite 
o 
furnace. The injected spots were dried at 110 C for 120 seconds, charred 
400 450 500 
nm 
550 600 
Figure 13. Absorption Curve of the Quinonediimine of o-Tolidine 
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at 800 C for 120 seconds and atomized at 2700 C for 20 seconds. The 
absorbances were measured on a Perkin-Elmer model 306 atomic absorption 
spectrophotometer equipped with a deuterium background corrector. The 
concentrations were determined using the standard additions. The results 
are listed in Table 14. 
Section X 
"Long-Path Microcell" 
Without the long-path microcell it would not have been possible to 
determine the chromium concentrations by either of the procedures presented. 
The problems associated with the design, construction, and applica­
tion of long-path microcells have been studied by Flaschka and Coulter (79). 
The cell used for this investigation was constructed by Coulter and is 
illustrated in Figure 14. It has an internal volume, i.e., the volume 
from window to window, of 175 (JL 1 but because of the filling and emptying 
tubes the minimum volume required for filling is 275 (j,l. 
This cell is also used as part of the simple photometer discussed 
in Section V of this chapter. 
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Table 14. Determination of Chromium in Pooled Serum 
by Flameless Atomic Absorption 
Serum Pool I Serum Pool II Serum Pool III 
(ng/ml) (ng/ml) (ng/ml) 
26.9 25.3 23.1 
25.2 27.0 24.0 
24.3 26.4 20.7 
24.9 28.7 20.4 
26.8 27.3 21.9 
25.6 27.8 22.7 
Average 25.6 27.0 22.1 
Standard Deviation ±1.1 ±1.2 ±1.4 
Pyrex End Window Stainless Steel Plates 
Actual Size 
Figure 14. Long-Path Microcell 
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